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FOREWORD 


This  report  presents  the  final  results  of  one  of  the  46  projects  comprising  the  Military  Effects 
Program  of  Operation  Plumbbob,  which  included  24  test  detonations  at  the  Nevada  Test  Site  in 
1957. 

For  overall  Plumbbob  military-effects  information,  the  reader  is  referred  to  the  “Summary 
Report  of  the  Director,  DOD  Test  Group  (Programs  1-9),"  1TR-1445,  which  includes:  (1)  a 
description  of  each  detonation,  including  yield,  zero-point  location  and  environment,  type  of 
device,  ambient  atmospheric  conditions,  etc.;  (2)  a  discussion  of  project  results;  (3)  a  summary 
of  the  objectives  and  results  of  each  project;  and  (4)  a  listing  of  project  reports  for  the  Military 
Effects  Program. 
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ABSTRACT 


An  instrumented  HSS-1  helicopter  was  flown  in  the  vicinity  of  nuclear  detonations  to  measure 
helicopter  response  to  overpressure  and  gust  and  to  determine  the  delivery  capabilities  of  the 
HSS-1  for  antisubmarine  warfare  as  limited  by  blast  effects.  Measurements  of  overpressure 
and  resulting  stresses  were  obtained  with  the  helicopter  doors  and  windows  opened  and  with  and 
without  tail-cone  reinforcements.  Partial  coverage  of  the  range  of  shock  front  incident  angles 
expected  from  the  detonation  of  underwater  nuclear  devices  was  obtained. 

Comparisons  are  shown  of  experimental  gust  response  data  obtained  during  these  HSS-1  tests 
with  prediction  of  helicopter  gust  response  made  possible  by  employing  a  slx-degrees-of-freedom 
analysis  of  helicopter  stability  and  control  characteristics  and  maneuvering  loads.  Favorable 
correlation  provides  confidence  that  the  analytical  methods  may  be  employed  to  predict  the  heli¬ 
copter  flying  qualities  as  well  as  applied  aerodynamic  loads  throughout  the  range  of  actual  de¬ 
livery  conditions. 

Comparison  of  experimental  fuselage  stresses  with  analytical  predictions  are  presented  to 
show  the  accuracy  of  the  stress  analysis  methods  employed  for  determination  of  fuselage  re¬ 
sponse  to  overpressure.  Confirmation  of  analysis  methods  for  structure  most  critical  for  over¬ 
pressure  effects  permits  establishment  of  the  HSS-1  structural  limitations  due  to  blast.  These 
limitations  were  determined  by  analysis  to  be  the  helicopter  design  limit  maneuvering  load  fac¬ 
tor  of  2.67  g  and  a  limit  overpressure  of  0.71  psi. 

The  primary  objective  of  the  project  was  achieved  to  the  extent  that  the  critical  blast  limits 
of  the  HSS-1  helicopter  were  adequately  defined  for  application  to  the  problem  of  safe  escape 
from  underwater  nuclear  bursts. 


» 
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PREFACE 
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Chapter  / 

INTRODUCTION 


1.1  OBJECTIVES 

The  major  effects  on  aircraft  flying  in  the  vicinity  of  a  nuclear  detonation  are  shock  overpres¬ 
sure,  gust  loading,  and  thermal  radiation.  These  effects  are  of  primary  significance  in  the  de¬ 
sign  of  aircraft  and  in  the  establishment  of  techniques  and  procedures  to  be  utilised  in  the  delivery 
of  atomic  weapons. 

The  primary  objective  of  this  project  was  to  measure  the  overpressure  and  gust  response  of 
the  HSS-1  helicopter  (Figure  1.1)  and  to  determine  the  delivery  capabilities  of  the  HS8-1  helicop¬ 
ter  for  antisubmarine  warfare  (ASW)  weapons  as  limited  by  blast  effects. 

The  secondary  objectives  of  this  project  were  to  obtain  experimental  data  for  the  Departments 
of  the  Army  and  Navy  related  to  helicopter  response  to  nuclear  blast  for  correlation  with  analyti¬ 
cal  techniques  and  for  extension  to  the  general  problem  of  helicopter  response  to  nuclear  effects. 
The  interest  in  general  data  of  this  type  varied  from  considerations  of  helicopter  safe  delivery 
and  standoff  criteria  for  Navy  use  to  lethal  damage  criteria  applicable  to  helicopter  employment 
by  the  Department  of  the  Army. 


1.2  BACKGROUND 

The  HSS-1  helicopter  was  the  first  instrumented  helicopter  participating  in  a  nuclear  test 
series  specifically  to  obtain  experimental  results,  ft  was  one  of  five  aircraft  which  participated 
in  Program  5,  which  was  concerned  with  effects  from  kiloton-yield-class  nuclear  devices.  Since 
no  instrumented  helicopter  had  previously  participated  in  a  nuclear  test,  neither  experimental  nor 
actual  effects-response  data  were  available  for  substantiation  of  predicted  response.  Participa¬ 
tion  of  the  HSS-1  helicopter  in  Operation  Plumbbob  provided  the  necessary  experimental  data  for 
this  correlation. 

The  HSS-1  is  expected  to  have  the  capability  for  delivering  an  antisubmarine  warfare  (ASW) 
special  weapon.  Therefore,  there  was  urgent  need  for  information  relating  to  the  helicopter  de¬ 
livery  problems.  Emphasis  was  given  during  Operation  Plumbbob  to  response  measurements  of 
the  main-  and  tail-rotor  systems  to  gust  effects  and  the  fuselage  structure  to  overpressure,  ft 
was  expected  that  air  blast  and  initial  nuclear  radiation  input  data  for  shallow-  and  intermediate- 
depth  underwater  explosions  would  be  obtained  during  Operation  Hardtack.  Thus,  the  free-air 
effects  as  well  as  helicopter  response  data  would  be  available,  from  which  the  delivery  capability 
could  be  defined. 


1.3  THEORY 

1.3.1  Applied  Aerodynamic  Loads.  The  aerodynamic  loads  that  originate  from  the  rotors  and 
fuselage  of  the  helicopter  in  response  to  a  blast  input  were  calculated  using  equations  of  motion 
which  made  possible  an  analysis  of  dynamic  maneuvering  load,  stability,  and  control  for  the  heli¬ 
copter  in  six  degrees  of  freedom.  This  included  not  only  motions  of  the  helicopter  in  space,  but 
also  determination  of  angle  of  attack  at  the  tip  of  the  retreating  rotor  blade  and  rotor  blade  flap- 
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ping  angle  relative  to  the  shaft  when  the  blade  was  over  the  tail  cone.  These  later  parameters 
served  as  the  basic  means  of  monitoring  development  of  stall  in  the  rotor,  and  rotor  blade  clear¬ 
ance  over  the  tail  cone,  respectively. 

The  general  equations  of  motion,  which  are  subject  to  the  limitations  of  linear  assumptions, 
are  presented  in  detail  in  Appendix  B,  together  with  expressions  for  the  helicopter  derivatives. 
The  helicopter  derivatives  were  broken  down  into  the  contributions  of  the  main  rotor,  the  tail 
rotor,  and  the  fuselage-wing-tail  combination.  Bally  Twisted  Rotor  Theory  (References  1  and 


Figure  1.1  HSS-1  helicopter  instrumented  for  Operation  Plumbbob. 

2)  was  used  for  the  calculation  of  rotor  derivatives.  Wind  tunnel  data  for  lift,  drag,  pitching 
moment,  yawing  moment,  and  side  force  were  used  to  evaluate  the  fuselage-wing-tail  derivatives. 

Since  the  predicted  gust-load  factor  for  all  events  was  less  than  the  design  load  factor  for  the 
helicopter,  it  was  considered  that  the  gust- load  factor  would  not  be  a  direct  structural  limitation 
but  could  become  critical  because  of  its  influence  on  blade  stall.  It  has  been  determined  experi¬ 
mentally  that  blade  stall  is  accompanied  by  an  abrupt  increase  in  control  forces.  Therefore,  as 
a  means  of  determining  the  severity  of  blade  stall,  stationary-star  control  forces  were  measured 
during  all  flight  conditions.  Since  the  severity  of  blade  stall  is  a  function  of  the  retreating-blade 
indicated  tip  speed,  which  is  affected  by  aircraft  airspeed,  blade  rotational  velocity,  density 
altitude,  aircraft  gross  weight,  and  flight  load  factor  (Table  4.1),  these  factors  were  considered 
for  each  event  and  a  retreating-blade  indicated  tip  speed  was  calculated-  The  stationary-star 
vibratory  load  was  then  determined  from  Figure  1.3,  which  is  the  experimentally  determined 
plot  of  stationary-star  vibratory  load  versus  retreating-blade  indicated  tip  speed.  This  plot  was 
based  on  the  accumulation  of  test  data  obtained  by  flight  test  prior  to  Operation  Plumbbob.  This 
correlation  is  included  in  Figure  1.3. 

1.3.2  Overpressure.  Overpressure  predictions  were  made  from  Figure  1.2  by  use  of  modi¬ 
fied  Sach’s  scaling.  Equation  1.1  was  used  in  scaling  the  actual  slant  range  (R1)  to  a  reduced 
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slant  range  (Rt)  for  use  tn  Figure  1.2  to  obtain  parameters  for  a  1-kt  burst  in  a  sea-level  homo¬ 
geneous  atmosphere. 


*  ■ GW"  (If)  * 

Where:  R1  =  actual  slant  range,  feet 

Ri  =  (range  for  unit  yield  under  standard  conditions)  reduced 
slant  range  for  entry  into  Figure  1.2,  feet 
W1  =  radiochemical  or  fireball  yield,  kilotons;  (2  W*  was  used 
to  calculate  scaled  ranges  outside  triple  point  path) 

Wt  =  lkt 

Po  =  ambient  pressure  at  sea  level  (NACA  standard  day),  pst 
Po1  =  ambient  pressure  at  aircraft  altitude,  psi 


Figure  1.3  Stationary-star  load  versus  retreating-blade  indicated  tip  speed. 


The  overpressure  obtained  from  Figure  1.2  was  scaled  by  use  of: 

APl  *  Apt(pj)  »•*> 

Where:  P(  =  overpressure  obtained  from  Figure  1.2  for  slant  range  Rt,  psi 
P1  =  predicted  overpressure  for  actual  position  and  yield,  psi 

24 

CONFIDENTIAL 


1.3.3  Time  of  Shock  Arrival.  The  time  of  shock  arrival  obtained  from  Figure  1.2  at  the  re¬ 
duced  slant  range  was  scaled  by  use  of: 


Where:  t,  =  time  of  shock  arrival  obtained  from  Figure  1.2  for  slant  range. 

Rt,  sec 

t1  =  time  of  shock  arrival  at  desired  altitude  and  actual  yield,  sec 
Ca  =  speed  of  sound  at  sea  level  for  NACA  standard  day,  ft/sec 
Ct  =  speed  of  sound  at  aircraft  altitude,  ft/sec 

1.3.4  Additional  Gust  Parameters.  Density  and  gust  velocity  behind  the  shock  front  and  the 
duration  of  positive  phase  were  obtained  from  Figure  1.2  at  the  reduced  slant  range  and  scaled 
by  Equations  1.4  through  1.6. 


Where:  p1  =  density  behind  the  shock  front  for  actual  altitude  and  yield, 
lb-secVft4 

Pt  =  density  from  Figure  1.2  at  slant  range  Rt,  lb-secVft4 
Po  =  ambient  density  at  receiver  altitude,  lb°-secl/ft* 


Where:  U1  =  gust  velocity  behind  the  shock  front  for  actual  altitude  and 
yield,  ft/sec 

Uj  =  gust  velocity  from  Figure  1.2  at  slant  range  Rt,  ft/sec 

Where:  t+  =  time  duration  of  the  positive  phase  for  actual  altitude  and  yield,  sec 
t+1  =  time  duration  of  the  positive  phase  obtained  from  Figure  1.2  at 
slant  range  Rj,  sec 

1.3.5  Overpressure  Response.  Preliminary  calculations  had  indicated  that  a  crushing  of  the 
fuselage,  caused  by  overpressure,  would  be  the  major  limitation  for  the  helicopter.  In  order  to 
minimize  this  effect,  the  windows  and  doors  of  the  helicopter  were  opened  during  all  participa¬ 
tions  to  provide  maximum  differential  pressure  relief.  During  the  initial  phase  of  the  tests,  re¬ 
inforcements  consisting  of  horizontal  crossbraces  between  the  frames  were  installed  in  the  tail 
cone  to  permit  gust  response  data  to  be  obtained  at  higher  overpressure  levels.  A  maximum 
overpressure  limit  of  1.0  psi  for  the  reinforced  helicopter  was  established,  prior  to  the  test, 
based  on  theoretical  calculations.  A  few  strain  gages  had  been  installed  at  critical  fuselage 
stations  for  monitoring  fuselage  stresses  resulting  from  blast  effects.  After  the  first  three 
participations,  a  comparison  of  the  measured  stresses  and  the  critical  stresses  for  those  mem- 
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bers  indicated  that  the  overpressure  limit  of  1.0  pat  was  conservative  aad  on  the  bests  at  such 
comparison  a  new  overpressure  limit  at  1.4  pel  was  estabttshsd. 

hi  order  to  obtain  data  on  the  baste  aircraft  during  the  second  phase  of  the  teats,  the  rein¬ 
forcements  were  removed.  Prior  to  this  phase,  a  static  pressure  test  was  made  on  an  uars- 
inf  arced  HSS-1  tail  cone.  Failure  of  the  tall  cone  occurred  at  0.0-pst  static  pressure.  This 
value  was  reduced  by  both  an  assumed  magnification  factor  of  l.S  and  the  allowable-to- ultimate 
ratio  of  l.S  to  establish  an  allowable  overpressure  limit  at  0.4  pal  for  the  first  participation 
with  the  reinforcements  removed. 

1,3.6  Total  Effective  Radiant  Exposure.  The  total  radiant  exposure  normal  to  the  receiver 
was  computed  from: 


Where:  Qj-jj 
WTH 
D 
K 
P 

A 

Qrn 

Qi 

Qbn 

Qi 

(l-F) 


total  radiant  exposure  normal  to  receiver,  cal/cm* 

thermal  yield,  kilotona 

slant  range,  10*  ft 

attenuation  coefficient,  per  10*  ft 

angle  between  the  receiving  surface  and  the  direct 
radiant  path,  degree 

albedo  (0.4  for  NT8  area) 

ratio  of  the  normal  component  of  reflected  radiant 
exposure  to  the  direct  radiant  exposure 

ratio  of  normal  components  of  scattered  radiant 
exposure  to  the  direct  radiant  exposure 

flyaway  factor 

factor  to  account  for  fireball  distortion  and  area 
seen  by  receiver 


(1.7) 


1.3.7  Temperature  Rise.  The  usual  expression  for  temperature  rise  in  an  air-borne  re¬ 
ceiver  is: 


AT  =  <*TN(l-H)(-£) 


(1.6) 


Where:  AT 
(1-8) 

a 

G 


temperature  rise,  F 

cooling  factor 

absorptivity  at  surface 

thermal  capacity  of  material,  cal/caa*  F 


Equations  1.7  and  1.6  were  modified  for  the  888-1  by  disregarding  the  cooling  aad  flyaway  fac¬ 
tors.  This  was  possible  due  to  the  low  speed  of  the  helicopter  aad  the  lack  at  cooling  over  por¬ 
tions  at  the  main-rotor  blades.  A  maximum  allowable  temperature  of  300  F  was  established 
for  the  rotor  blades. 
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1.3.8  Nuclear  Radiation.  The  nuclear  radiation  was  calculated  by  the  method  presented  In 
Reference  3,  as  modified  by  the  Bureau  of  Aeronautics.  These  modifications  Included  the  use 
of  a  factor  of  1.25  Instead  of  2.0  to  compensate  for  an  air-borne  receiver,  disregarding  any  re¬ 
duction  for  flyaway  and  cockpit  shielding.  Nuclear  radiation  was  not  critical  for  any  of  the 
HSS-1  participations. 
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Chapter  2 

PROCEDURE 


2.1  OPERATIONS 

2.1.1  Positioning  System.  The  HSS-1  helicopter  was  positioned  fay  use  of  a  modified  M-33 
gun-tracking  radar.  This  equipment  utilised  a  plotting  board  with  a  pen  recorder  for  tracking. 
The  desired  pattern  was  drawn  to  scale,  and  a  controller  compared  aircraft  position  with  the 
desired  position  and  transmitted  corrections  to  the  pilot  by  UHF  radio.  A  computer  was  de¬ 
signed  for  the  M-33  radar  which  solved  the  positioning  problem  and  presented  the  necessary 
corrections  as  time  early  or  late  and  the  speed  change  required  to  arrive  at  the  desired  position 
at  time  zero.  This  computer  proved  undesirable,  since  the  helicopter’s  response  to  surface 
winds  prevented  an  accurate  solution.  A  brush-type  recorder  system  was  installed  to  provide 
azimuth,  range  and  elevation  for  after-the-fact  positioning  data.  The  after-the-fact  recording 
systems  included  a  time-zero  signal  from  a  blue-box  circuit  and  continuous  1-second  tuning 
marks.  Time  of  shock  arrival  was  determined  from  instrumentation  in  the  helicopter  and  was 
used  for  determining  the  after-the-fact  position  at  time  of  shock  arrival.  The  accuracy  of  the 
after-the-fact  positions  was  determined  to  be  approximately  ±200  feet. 

2.1.2  Operation  Considerations.  In  most  of  the  events  the  helicopter  was  positioned  for  a 
tail-on  orientation  to  the  blast.  For  this  orientation,  an  offset  pattern  was  utilised  with  a  80- 
degree  turn  for  a  radial  run-out  Just  prior  to  time  zero.  This  pattern  was  considered  necessary 
for  safety  of  crew  and  aircraft,  since  all  participations  were  at  relatively  low  altitudes.  These 
offset  patterns  decreased  the  positioning  accuracy  due  to  wind  effects  in  the  final  turn  and  the 
flight  characteristics  of  the  helicopter.  The  positioning  errors  varied  from  0  to  5  seconds, 
which  was  small  in  terms  of  distance  since  a  speed  of  ISO  ft/sec  was  used  in  the  pattern. 

Abort  criteria  were  not  required  for  these  offset  patterns  since  the  aircraft  position  errors 
along  the  intended  flight  path  at  the  time  of  turn  made  little  difference  in  the  resulting  distance 
from  ground  zero.  Figure  2.1  shows  the  helicopter's  desired  flight  pattern  for  Shot  Priscilla 
with  positions  included  for  10  seconds  early  or  late  at  the  H- 40- second  position. 

Normal  helicopter  participation  consisted  of  takeoff  at  H-54  minutes,  two  practice  orbits 
around  a  racetrack  pattern  approximately  8  naut  mi  in  length,  a  final  run-in  from  H-5  minutes 
with  a  90-degree  turn  at  H-40  seconds,  and  landtng  at  H  +  30  minutes.  An  average  of  four  prac¬ 
tice  flights  were  flown  prior  to  each  actual  mission.  Aircraft  availability  was  good  throughout 
the  program. 


2.2  INSTRUMENTATION 

Recording  instrumentation  installed  in  the  HSS-1  helicopter  consisted  of  two  36-channel  os¬ 
cillographs  and  a  photopanel  recorder. 

An  overpressure  pickup  was  installed  on  the  aft  section  of  the  tail  rotor  pylon  to  provide  a 
time  history  of  overpressure.  A  differential  pressure  gage  was  installed  on  the  tail  cone  skin 
to  provide  a  time  history  of  pressure  difference  between  the  inside  and  outside  of  the  tail  cone. 
Strain  gages  were  installed  on  critical  fuselage  structural  members  to  determine  the  affect  of 
overpressure  and  aircraft  accelerations  on  fuselage  stresses.  The  pressure  gages  were  cali¬ 
brated  against  a  manometer.  Using  information  furnished  by  the  strain  gage  manufacturer  and 
a  known  calibrating  resistance  in  the  bridge  circuit,  a  calibration  of  stress  in  terms  of  bridge 
output  was  obtained  using  the  standard  strain-gage  formula. 
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Aircraft  response  to  gust  was  measured  by  vertical,  lateral,  and  longitudinal  linear  accel¬ 
erometers  mounted  at  the  center  of  gravity,  and  vertical  and  lateral  linear  accelerometers 
mounted  on  the  tail-rotor  gear  box.  Additional  data  was  obtained  from  aircraft  attitude  gyros 
and  angular  accelerometers  mounted  to  measure  pitch,  roll,  and  yaw  accelerations.  Strain 
gages  were  installed  on  main-rotor  and  tail-rotor  blades  and  controls  to  measure  stresses  and 
control  forces.  The  strain  gages  were  calibrated  in  the  laboratory  using  known  static  loads 
and  resistance-calibrated  in  the  field  prior  to  and  after  each  participation.  Potentiometers 


Figure  2. 1  Planned  and  early  or  late  flight  patterns  for 
HSS-1  helicopter  for  Shot  Priscilla. 

were  installed  to  measure  control  displacements  and  were  calibrated  prior  to  and  after  each 
participation  by  deflection  of  the  controls  to  their  limits. 

Temperature-sensitive  strain  gages  were  installed  on  the  main-rotor  blades  to  measure 
blade  skin  temperature  at  two  positions  on  the  underside  of  the  blades.  Calorimeters  were 
installed  on  the  tail  pylon  pointing  downward  to  obtain  information  on  indirect  radiant  exposure. 
The  temperature  gages  were  resistance-calibrated  and  the  calorimeters  were  calibrated  by  the 
Naval  Radiological  Defense  Laboratory  prior  to  and  after  each  participation. 

Miscellaneous  instrumentation  was  installed  to  measure  such  items  as  time  of  explosion, 
engine  operating  conditions,  airspeed,  altitude  and  amount  of  nuclear  radiation. 

Detailed  information  on  the  instrumentation  of  the  HSS-1  is  included  in  Appendix  A. 

2.3  DATA  REQUIREMENTS 

2.3.1  General  Considerations.  The  HSS-1  helicopter  was  positioned  at  heights  above  burst 
point  of  from  1,000  to  6,000  feet  and  at  various  ranges  in  order  to  obtain  gust-response  data  at 
several  blast  incidence  angles  and  overpressure  levels  to  simulate  the  range  of  effects  expected 
for  an  underwater  shot.  During  this  phase  of  the  tests,  reinforcements  were  installed  in  the 
tail-cone  section  and  the  doors  and  windows  were  open  to  alleviate  the  crushing  effects  of  over- 
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pressure.  This  permitted  data  on  gust  response  to  be  obtained  at  higher  overpressure  levels 
than  would  have  been  possible  with  an  unreinforced  aircraft. 

The  second  phase  of  the  test  beginning  with  Shot  Kepler  was  without  the  reinforcements,  with 
the  doors  and  windows  open,  and  at  low  overpressure  levels  to  determine  the  effects  of  differ¬ 
ential  overpressure  on  the  basic  aircraft  structure.  In  addition  to  these  aircraft  configurations, 
participation  In  one  side-on  orientation  was  included  to  obtain  data  of  primary  interest  to  the 
Army  Transportation  Corps. 

Preliminary  structural  analysis  indicated  that  the  HSS-1  would  safely  withstand  an  overpres¬ 
sure  of  1.0  psi  with  reinforcements  installed  and  the  doors  and  windows  open.  A  participation 


/*i 

Figure  2.2  AFzaf  versus  m  nonlinearity  for  Shot  Priscilla. 

schedule  was  established  for  0.4-  and  0.6-psi  overpressure  prior  to  positioning  for  the  maxi  - 
mum  value  of  1.0.  After  obtaining  0.47  psi  during  Shot  Boltzmann  and  0.57  during  Shot  Wilson, 
data  analysis  indicated  that  the  original  limit  of  1.0  psi  was  low  and  a  new  limit  of  1.4  was 
established.  This  new  limit  permitted  positioning  which  enabled  an  overpressure  of  1.07  psi 
to  be  obtained  during  Shot  Priscilla.  By  changing  the  altitude,  airspeed,  and  rotor  rpm,  a 
build-up  of  stationary-star  load  and  load  factor  was  obtained  during  this  phase. 

2.3.2  Thermal  Effects  Data  Correlation.  Because  of  the  low  value  of  both  predicted  and 
measured  thermal  data  no  correlation  was  attempted. 

2.3.3  Aerodynamic  Response  Data  Correlation.  The  measured  stability  variables  which 
describe  the  rigid-body  response  were  compared  with  the  corresponding  values  calculated  by 
the  methods  discussed  in  Appendix  B.  In  usual  investigations  of  helicopter  stability  and  control 
wherein  deviations  of  major  variables  from  their  equilibrium  values  are  relatively  small,  the 
limitation  of  linear  assumptions  assigned  to  the  general  equations  of  Appendix  B  permits  satis¬ 
factory  solutions  to  be  made.  For  the  case  of  the  present  tests,  the  perturbations  of  angle  of 
attack,  a, ,  and  rotor  tip  speed  ratio,  pj ,  covered  such  a  range  that  it  was  necessary  to 
account  for  nonlinearity  in  several  of  the  helicopter  derivatives.  The  numerical  values  for  the 
variation  in  these  nonlinear  derivatives  are  shown  in  Figures  2.2  through  2.5.  These  deriva- 
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Figure  2.3  AFZfi  versus  Mi  nonlinearity  for  Shot  Priscilla. 


Figure  2.4  AL^  versus  mi  nonlinearity  for  Shot  Priscilla. 
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Figure  2.5  versus  Mi  nonlinearity  for  Shot  Priscilla. 
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tives  were  calculated  from  Equations  25,  27,  32,  and  46  in  Section  B.2.6  by  holding  all  major 
variables  except  p  constant  at  their  trim  values.  An  illustration  of  the  incorporation  of  non¬ 
linear  derivatives  into  the  general  equations  of  motion  is  presented  in  Table  B.2,  Appendix  B. 

Effect  of  Downwash  Lag.  In  view  of  the  rapidly  applied  gust  inputs  to  the  rotor,  it 
would  be  expected  that  a  certain  period  of  time  would  lapse  before  the  steady-state  downwash 
field  could  change.  For  lack  of  better  Information,  it  was  assumed  during  the  time  of  peak 
gust  response  that  the  rotor  developed  increased  thrust  as  predicted  by  the  theory  of  Appendix 
B  but  operated  for  a  short  period  of  time  in  the  downwash  field  associated  with  the  steady-state 
flight  conditions  existing  before  shock  arrival.  The  assumed  downwash  field  thus  lagged  that 
which  would  be  theoretically  associated  with  the  calculated  values  of  rotor  thrust.  A  steady- 
state  downwash  field  corresponding  to  the  actual  value  of  thrust  is  assumed  to  have  developed 
by  the  time  the  overpressure  entered  its  negative  phase. 

hi  this  analysis  the  effect  of  downwash  lag  is  accomplished  by  varying  paraJbollcally  the  lift 
slope  of  the  rotor  from  that  value  containing  no  effects  due  to  change  in  downwash  angle  at  the 
time  for  peak  gust  response  to  the  steady-state  values  of  lift  slope  at  the  time  when  the  over¬ 
pressure  enters  the  negative  phase. 

The  equation  for  rotor  lift  slope  without  the  effect  of  change  in  downwash  angle  is: 


aCT/o  _  a  td.un 
8  a  2  cos*  a 


The  expression  for  steady- state  lift  slope  is  given  by  Equation  2  at  Section  B.2.7.  The  down- 
wash  lag  effect  is  included  in  the  appropriate  nonlinear  derivatives  by  the  following  relationships: 

For  0>pi  only: 


af 


[Fzaf*» (mi  =  min)  -  Fzotf  Cf*i  =  min)  ]  i 
=  AF--.  +  Ml 


Mi  min 


[La,00  (Mi  =  min)  -  Laf(pj  =  min)l  . 
AL“f(D-L.)  =  +  ^  M‘ 


[Maf-’tpi  =  min)  “  Matf  (/xj  =  min)]  , 
AMa*(D.L.)  =  +  ^  H 


Where  the  subscripts  have  the  following  connotations: 


(D.L)  =  derivative  corrected  for  downwash  lag 

«°  =  derivative  calculated  using  rotor  lift  slope  contained  in  Equation  1 
(fi|  =  min)  =  value  of  derivative  calculated  at  peak  gust  velocity 

The  curves  for  nonlinear  derivatives  shown  in  Figures  2.2,  2.4,  and  2.5  contain  these  cor¬ 
rections  for  downwash  lag. 

Load  Factor  E  quation.  The  equation  for  normal  load  factor  during  the  first  few 
seconds  is: 


=  1  + 


aCt  /a 
CT/o 


L.F. 


22 

CONFIDENTIAL 


Where:  C j/a  =  helicopter  thrust  coefficient  solidity  ratio  for  trim 

aCt/o  =  change  in  thrust  coefficient  solidity  ratio  due  to  dynamic 
response  of  helicopter  to  gust  input 

In  terms  of  helicopter  derivatives: 


L.F. 


(Cr/tx)cos* 


Where:  AFza^  is  obtained  from  Figure  2.2  as  a  function  of 

“i  =  aG  “  Sis  (Pilot)  "  Bls  (Autopilot) 

a j  =  helicopter  angle  of  attack  relative  to  flight  path 

ft  is  of  interest  to  note  in  Equation  6  that  the  perturbations  of  angle  of  attack,  oq  ,  introduces 
nonlinearity  by  virtue  of  the  cos1  term.  It  is  also  of  interest  to  note  that  the  cos1  ot|  term 
is  not  included  in  calculation  of  Fza^  because  aj  is  not  known  when  that  calculation  is  made. 

The  evaluation  of  Equation  6  for  Shot  Priscilla  is  presented  as  Equation  7  in  Table  B.2. 

Autopilot  Equations.  Equations  8,  9,  and  10  of  Table  B.2  are  the  equations  of  the 
autopilot  in  roll,  pitch,  and  yaw.  These  equations  were  included  because  the  autopilot  was 
operative  in  these  three  channels  during  impingement  of  the  blast  wave.  An  altitude  channel 
was  not  included  because  this  autopilot  channel  was  not  operative  during  blast  impingement. 

Angle  of  Attack  at  the  Tip  of  the  Retreating  Rotor  Blade  and  Blade 
Flapping.  Equation  11  of  Table  B.2  is  the  equation  for  angle  of  attack  at  the  tip  of  the  re¬ 
treating  rotor  blade.  The  general  equation  for  this  stall  parameter  is  as  follows: 

*  ®(i.*)(»«°)  trim  +  ®»  +  iITjl  I  (sf*)  +  ^ 


The  expression  for  the  rotor  derivatives  8a/ 3 f  ,  dx/da  ,  etc. ,  are  presented  in  Section  B.2.7. 
ft  is  emphasized  that  in  Equation  7,  06 ,  <*f  ,  p ,  Bjg  ,  are  not  the  trim  values  of  these  param¬ 
eters  but  the  time  variation  of  these  parameters  from  the  trim  values  during  the  disturbance. 

Equation  12  of  Table  B.2  is  the  equation  for  blade  flapping  relative  to  the  shaft  when  the  blade 
is  passing  over  the  tail  cone.  The  general  expression  for  this  blade  clearance  parameter  is  as 
follows: 

%  .0 ,■%«--  ■<.«.  *(Sh  *(£M£H 

-  [(«•)  *  ['  *(§)K 


The  expressions  for  the  rotor  derivative  8a «/8a  ,  8a«/8p ,  etc. ,  are  presented  in  Section  B.2.7. 

2.3.4  Stress  Correlation.  The  unreinforced  HSS-1  helicopter  participated  in  only  two  shots 
for  which  stress  correlation  could  be  attempted.  These  were  Shots  Owens  and  Kepler,  both 
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tail-on  shots.  Correlation  could  not  be  attempted  for  either  the  shots  participated  in  by  the 
reinforced  HSS-1  or  for  Shot  Stokes,  a  side-on  shot,  because  of  inadequate  structural  and  pres¬ 
sure  instrumentation. 

Data  required  for  the  prediction  of  fuselage  stresses  due  to  nuclear  blast  effects  were  time 
histories  of  aircraft  accelerations,  tail-rotor  thrust  loads,  and  differential  pressures.  An  ex¬ 
amination  of  the  loading  data  and  the  strength  summary  for  the  HSS-1  indicated  that  the  critical 
structural  area  for  these  loads  was  the  tail  cone  between  Station  316  and  Station  352. 

From  the  intensity  of  the  loading  schedule,  a  first  approximation  of  skin  effectivity  was  made. 
This  was  substantiated  by  calculating  the  stress  distribution  due  to  aircraft  flight  loads  at  sev¬ 
eral  time  intervals  during  the  shot  and  comparing  the  skin  stresses  with  skin  buckling  allow¬ 
ances.  An  elastic  analysis  was  then  made  at  the  gridwork  of  skin,  stringers  and  frames  in  the 
critical  tail-cone  area  for  differential  pressure  loads.  (Axial  loads  present  in  the  system  due 
to  flight  conditions  were  not  considered  here  since  the  energy  contribution  of  these  loads  to  the 
complete  system  under  pressure  was  negligible. )  This  elastic  analysis,  done  in  unit  form,  was 
then  multiplied  by  the  appropriate  constants  producing  a  time  history  of  stresses  due  to  differ¬ 
ential  pressure  effects.  The  time  histories  of  the  stresses  due  to  flight  loads  and  those  due  to 
the  differential  pressure  were  then  superimposed,  yielding  the  net  stress  time  relationship  for 
the  structure.  These  stresses  were  compared  to  the  oscillograph  traces  of  the  appropriate  test 
shot  for  correlation. 

Since  the  frame  stresses  in  the  HSS-1  tail  cone  were  relatively  independent  of  flight  loads, 
and  responded  to  differential  pressures  with  no  appreciable  time  lag,  agreement  between  the 
calculated  and  actual  frame  stresses  was  excellent.  Correlation  of  stringer  stress  levels  was, 
in  general,  only  fair.  There  were  several  contributing  factors  affecting  this,  the  most  signifi¬ 
cant  being  the  low  load  intensities  resulting  from  low-yield  Shots  Owens  and  Kepler  coupled 
with  inadequacies  of  the  instrumentation  for  structural  strain  correlation,  hi  addition,  dynamic 
effects,  both  on  the  accelerometer  traces  and  the  stress  traces.could  not  be  considered  because 
at  the  difficulty  in  evaluating  them.  At  low  load  levels,  dynamic  responses  due  to  normal  flight 
vibration  alone  had  amplitudes  large  enough  to  significantly  alter  the  trace  patterns.  An  attempt 
to  filter  out  these  vibratory  effects  was  made  with  limited  success. 

Conclusions  as  to  the  effectiveness  of  the  stringer  stress  calculations  cannot  be  reached 
from  comparison  with  the  available  data.  The  only  significant  point  that  can  be  made  is  that 
the  general  stress  levels  were  of  correct  magnitude. 

Stress  Analysis.  Semimonocoque  structures  are  composed  of  skin,  stringers  and 
frames.  The  skin  distributes  pressure  to  the  stringers  and  frames  and  carries  the  major  part 
of  the  shear  stresses.  The  stringers  are  the  main  structural  elements  and  carry  the  major 
part  of  the  airframe  bending  moments.  The  frames  maintain  the  shape  at  the  structure  and 
in  some  cases  are  used  to  introduce  concentrated  loads  into  the  shell.  However,  this  idealized 
distribution  of  function  and  loading,  while  reasonably  accurate  for  design  purposes,  at  design 
load  intensities,  is  not  correct  at  low  load  levels.  The  significant  difference  is  in  the  effective¬ 
ness  at  the  skin  as  bending  material  in  conjunction  with  the  stringers.  Up  to  the  point  of  elastic 
buckling  at  the  skin  panels,  the  entire  skin  is  fully  effective  and  materially  affects  the  stress 
distribution.  Shots  Owens  and  Kepler  produced  such  low  load  levels.  Therefore,  the  method 
of  determining  the  fuselage  stresses  resulting  from  these  shots  included  a  re-calculation  of 
effective  fuselage  section  properties.  Q  the  load  level  were  above  the  skin-buckling  criteria, 
a  re-evaluation  of  the  effective  shell  material  would  have  again  been  necessary.  The  difference 
between  the  two  conditions  represents  an  area  of  proportionally  greater  increases  in  stringer 
stress,  due  to  redistribution,  for  equal  increases  in  shell  loading. 

Pressure  effects,  as  stated  above,  are  distributed  by  the  skin  to  the  gridwork  composed  of 
the  stringers  and  frames.  The  frames  on  the  HSS-1  tail  cone  are  used  primarily  to  maintain 
shape  and  to  act  as  panel  breaks  and  are  therefore  rather  Insensitive  to  flight  loads.  As  a  re¬ 
sult,  these  light-gage  channel- section  frames  proved  to  be  critical  for  the  bending  stresses 
imposed  by  differential  pressure  on  the  shell.  Allowable  stresses  were  calculated  for  the 
frames  under  pressure  and  for  the  stringers  under  the  combined  effects  of  flight  axial  loads 
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and  lateral  bending  due  to  pressure.  The  calculated  allowable  pressure  lor  the  frames  is  0.71 
psi  design  limit.  The  allowable  for  the  critical  stringer  is  a  design  envelope  based  on  the  rela¬ 
tive  intensities  of  differential  pressure  and  flight  loading. 

Substantiation  of  the  allowable  frame  crushing  pressure  was  made  by  Sikorsky  Aircraft  by 
static  testing  two  HSS-1  tail  cones.  The  tail  cones  were  instrumented  and  subjected  to  incre¬ 
mental  increases  in  pressure  until  failure  occurred.  The  static  test  specimens  failed  at  0.90 
psi  average. 

Applied  Loads.  Loads  affecting  the  HSS-1  tail-cone  structure  are  inertia  loads  due  to 
aircraft  accelerations,  tail-rotor  loads,  and  differential  pressures.  Accelerometer  traces 
taken  during  the  shot  were  divided  into  suitable  time  Increments  and  the  inertial  loads  due  to 
these  accelerations  were  calculated  for  each  instant  of  time.  To  these  were  added  the  loads 
caused  by  the  tail  rotor,  yielding  the  net  flight  load  distribution  at  the  critical  sections,  for 
each  instant  of  time. 

The  differential  pressure  for  corresponding  instants  of  time  were  obtained  from  the  differ¬ 
ential  pressure  trace  directly. 

Stress  Distribution  Due  to  Flight  Loads.  Cross-sectional  stress  distributions 
due  to  unit  accelerations  and  unit  tail-rotor  loads  were  calculated  by  conventional  methods  pro¬ 
grammed  on  an  IBM  704  digital  computer.  The  accuracy  of  these  methods  in  the  elastic  range 
and  where  there  are  no  structural  discontinuities  is  well  known.  These  unit  distributions  were 
multiplied  by  the  appropriate  coefficients  determined  by  the  time  histories  of  the  accelerometer 
traces  and  added  together,  yielding  the  net  flight  load  distribution. 

It  was  analytically  determined  that  the  variation  of  tail-rotor  thrust  during  the  time  of  the 
shot  due  to  the  effects  of  the  blast  would  be  less  than  10  percent.  The  time  history  trace  for 
Shot  Kepler  is  shown  in  Figure  3.5.  Since  this  change  would  cause  an  insignificant  change  in 
the  stringer  stress  level  at  the  critical  stations,  a  steady  tail-rotor  thrust  was  used  in  calcu¬ 
lating  the  stresses  in  Shot  Owens.  This  thrust  was  equal  to  the  balancing  thrust  for  1-g  level 
flight. 

Stress  Distribution  Due  to  Differential  Pressure.  Because  of  the  high 
degree  of  redundancy  and  interaction,  the  differential  pressure  distribution  on  the  gridwork  of 
stringers  and  frames  is  best  investigated  by  elastic  analysis.  The  structure  is  analyzed  by  the 
method  of  minimum  strain  energy  considering  the  tail-cone  structure  between  Station  316  and 
Station  352  as  an  integrated  stringer-frame  network.  The  coupling  of  stringer  axial  stresses 
caused  by  flight  loads  is  by  super-position,  as  the  strain  energy  due  to  axial  loads  is  negligible 
compared  with  the  total  energy  of  the  system. 

An  outline  of  the  procedure  followed  in  the  analysis  is  presented  below: 

1.  The  redundant  structure  is  made  statically  determinate  and  equilibrium  equations  are 
written  for  each  structural  element. 

2.  Individual  element  influence  coefficients  are  written  to  sum  up  the  total  flexibility  in  the 
structure. 

3.  Steps  1  and  2  are  written  in  matrix  form  and  by  matrix  manipulation  a  unit  load  distribu¬ 
tion  is  obtained  for  the  entire  structure. 

The  matrix  operations  are: 

1.  Unit  deflections  are  found  for  the  entire  structure. 

2.  Next,  the  deflections  based  on  the  statically  determinate  structure  are  obtained. 

3.  These  deflections  multiplied  by  the  internal  and  external  loads  yield  the  total  energy  in 
the  system  in  terms  of  the  applied  and  redundant  loads. 

4.  The  total  energy  is  differentiated  with  respect  to  the  applied  loads  and  redundant  loads 
to  obtain  the  deflection  equations. 

5.  Solution  of  the  deflection  equations  produces  the  redundant  loads,  which,  by  matrix  ma¬ 
nipulation,  yield  the  unit-load  distribution. 

In  matrix  notations: 

!•  frim  :  nrl  tatl  =  f6l 

t 
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a-  HfrtalurlM  -  PH 

The  structure  considered  In  the  analysis  was  between  Stations  316  and  352  on  the  tall  cone. 
This  area  Included  three  frames  (Stations  316,  334,  and  352)  and  twenty  stringers,  symmetri¬ 
cally  placed  around  the  perimeter  of  the  shell. 

An  assumption  was  made  that  the  end  frames  at  Stations  316  and  352  were  rigid  relative  to 
the  frames  at  Station  334.  This  assumption  was  substantiated  by  calculating  the  relative  frame 
stiffness  using  Naval  Advisory  Committee  for  Aeronautics  (NACA)  TR-1097.  Another  assump¬ 
tion  was  that  the  stringers  had  full  fixity  at  their  ends.  This  assumption  Is  valid  since  under  a 
symmetrical  uniform  pressure  load,  and  with  equal  bay  lengths,  the  stringer  slope  across  the 
frames  is  sero.  The  basic  skin  is  not  Included  In  the  idealised  structure  except  locally  as  ef¬ 
fective  bending  material  with  the  stringers  and  frames.  The  reason  for  this  Is  that  the  only 
function  of  the  skin  under  a  symmetrical  pressure  loading  Is  to  distribute  this  pressure  to  the 
supporting  structure. 

Because  of  the  symmetry  of  both  structure  and  loading  about  the  vertical  axis,  only  half  of 
the  structure  needs  to  be  considered.  This  structure  was  reduced  to  individual  elements  placed 
in  load  equilibrium,  and  coupled  together  by  matrix  operations. 
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Chapter  3 

RESULTS 


3.1  GENERAL 

Tabulated  results  of  pertinent  recorded  data  at  time  zero  and  at  the  time  of  shock  arrival 
are  presented  in  Tables  3.4  and  3.5.  Time  histories  of  typical  recorded  data  are  presented  in 
Appendix  C.  The  presentation  of  data  in  tabular  form  has  been  limited  to  only  those  items  of 
recorded  data  that  were  of  major  significance  or  were  necessary  for  correlation  at  either  time 
zero  or  time  of  shock  arrival.  All  other  pertinent  data  are  presented  as  time  histories.  Be¬ 
cause  of  the  cyclic  nature  of  the  data  recorded,  it  was  considered  that  this  was  the  more  desir¬ 
able  and  illustrative  method  of  presentation.  Table  3.1  is  the  summary  for  events  in  which  the 
HSS-1  helicopter  participated,  and  which  were  utilized  for  postshot  correlation.  Tables  3.2 
and  3.3  are  summaries  of  aircraft  positions  and  atmospheric  conditions. 

3.2  GUST  RESPONSE  DATA 

Dynamic  response  data  measured  during  the  test  operations  consisted  of  basic  flight  param¬ 
eters  and  representative  stresses  in  the  rotor  blades. 

Comparisons  of  calculated  flight  parameter  data  with  flight  test  data  are  presented  in  Figures 
3.1  through  3.3  for  Shots  Priscilla,  Diablo,  and  Kepler,  respectively.  These  three  events  were 
chosen  because  Shots  Priscilla  and  Diablo  represented  the  most  severe  conditions  while  Shot 
Kepler  was  typical  of  the  remaining  six  participations.  Comparisons  between  calculated  and 
measured  values  are  shown  for  five  parameters,  i.  e. ,  pitching,  rolling  and  yawing  accelera¬ 
tions,  normal  load  factor,  and  blade  flapping  over  the  tail  cone  relative  to  the  shaft.  It  can  be 
seen  from  the  typical  time  histories  presented  in  Appendix  C  that  no  significant  changes  in  rotor 
blade  stresses  occurred.  This  may  be  attributed  to  the  fact  that  rotor  blades  are  free  to  flap 
about  their  horizontal  hinge,  thereby  reducing  gust  effects  on  the  blades. 

3.2.1  Shot  Priscilla.  Comparison  of  calculated  data  with  flight-test  data  for  Shot  Priscilla 
is  shown  in  Figure  3.1.  For  normal  load  factor,  Channel  1,  the  peak  calculated  value  corre¬ 
sponds  well  with  the  peak  measured  value  but  since  rotor-blade  inertia  in  independent  flapping 
degrees  of  freedom  was  not  considered  in  the  calculations,  the  calculated  peak-load  factor  leads 
the  measured  peak-load  factor.  Although  the  autopilot  had  no  effect  on  the  peak-load  factor  de¬ 
veloped,  it  did  restrict  the  reduction  in  load  factor  below  1.0  after  the  first  second  of  time  had 
elapsed.  Comparison  of  calculated  load  factor  with  measured  load  factor  after  one  second  is 
good.  It  is  noted  that  the  high  frequencies  in  the  flight-test  data  attributed  to  local  structural 
response  have  been  eliminated  in  these  load-factor  plots.  They  did  not  possess  the  amplitude 
relative  to  the  long-period  mode  and  damped  out  much  more  rapidly  than  the  high-frequency 
oscillations  that  occurred  in  the  rolling,  pitching,  and  yawing  acceleration  data. 

In  Channel  2  of  Figure  3.1,  the  calculated  rolling  acceleration  appears  to  be  an  average  of 
the  measured  response.  It  is  believed  that  the  high-frequency  oscillations  measured  by  the 
accelerometer,  which  have  not  been  faired  out  in  this  plot  because  of  their  high  amplitude  and 
low  damping,  were  the  results  of  local  structural  response  combined  with  accelerometer  re¬ 
sponse  to  the  applied  loads  due  to  both  overpressure  and  air  mass  velocity  and  are  not  generated 
by  the  main  or  tail  rotors.  Therefore,  the  calculated  response  did  not  predict  their  existence. 

In  Channel  3  of  Figure  3.1,  the  calculated  pitching  acceleration  appears  to  be  a  reasonable 
average  of  the  measured  response.  The  high  frequencies  in  the  measured  response  were  again 
attributed  to  local  structural  response  to  the  applied  loads. 
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TABLE  3.1  SHOT  DATA  SUMMARY 


Skat 

Yield* 

Date 

Burst  Height 
Above  Terrain 

Terrain 
Elevation,  MBL 

kt 

ft 

ft 

Bolts  mann 

11.5 

a  0.8 

28  May  1957 

500  Tower 

4,235 

Franklin 

0.138  a  0.006 

2  June  1957 

300  Tower 

4,022 

Wilson 

10.0 

a  0.5 

18  June  1957 

500  Balloon 

4,238 

Priscilla 

33.5 

a  i.o 

24  June  1957 

700  Balloon 

3,080 

Diablo 

17.0 

a  0.85 

15  July  1957 

500  Tower 

4.485 

Kepler 

10.0 

a  i.o 

24  July  1957 

500  Tower 

4,320 

Owens 

9.2 

a  0.5 

25  July  1957 

500  Balloon 

4,238 

Stokes 

18.9 

a  0.35 

7  August  1957 

1.500  Balloon 

4,185 

*  Preliminary  poetshot. 


TABLE  3.2  ACTUAL  AIRCRAFT  POSITIONS 


Shot 

M8L  Altitude 
at  Time  Zero 

Horizontal 
Range  at 
Time  Zero 

Slant  Range 
at  Time  Zero 

MSL  Altitude 
at  Time  of 
Shock  Arrival 

Horizontal  Range 
at  Time  of 

Shock  Arrival 

Slant  Range 
at  Time  of 
Shock  Arrival 

ft 

ft 

ft 

ft 

ft 

ft 

Boltzmann 

6,110 

16,050 

16,100 

6,110 

18,140 

18,150 

Franklin 

8,000 

7,411 

8,260 

8,000 

8.487 

9,240 

Wilson 

5,915 

14,373 

14,421 

5,939 

16,400 

16,443 

Priscilla 

8,118 

11,921 

12,700 

8,118 

13,513 

14,200 

Diablo 

10,998 

10,422 

12,560 

10,992 

11,991 

13,405 

Kepler 

5,990 

20,473 

20,500 

6,184 

23,143 

23,190 

Owens 

7,287 

20,303 

20,410 

7,302 

22,923 

23,100 

Stokes 

8,430 

33,240 

33,400 

8,276 

33,180 

33,220 

TABLE  3.3 

ATMOSPHERIC  CONDITIONS 

Shot 

Pressure  at 
Altitude  at 
Time  Zero 

Pressure  at 
Altitude  at 
Shock  Arrival 

Temperature 
at  Altitude 
at  Time  Zero 

Temperature 
at  Altitude  at 
8bock  Arrival 

Wind  at  Altitude 

Surface 

Visibility 

Direction  Velocity 

pel 

psi 

F 

F 

degrees 

knots 

naut  mi 

Boltzmann 

11.79 

11.79 

65.55 

65.57 

calm 

Unrestricted 

Franklin 

11.04 

11.04 

65.66 

65.66 

calm 

Unrestricted 

Wilson 

11.10 

11.99 

65.41 

65.34 

060 

10 

Unrestricted 

Priscilla 

11.04 

11.04 

69.06 

69.06 

230 

8 

Unrestricted 

Diablo 

9.94 

9.94 

51.80 

51.84 

170 

6 

Unrestricted 

Kepler 

11.84 

12.25 

70.88 

70.56 

060 

6 

Unrestricted 

Owens 

11.29 

11.28 

67.48 

67.41 

140 

5 

Unrestricted 

Stokes 

10.85 

10.91 

55.06 

55.69 

100 

8 

Unrestricted 
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Figure  3.2  Correlation  of  calculated  and  test  data  for  Shot  Diablo. 
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Figure  3.4  Continued. 
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Figure  3.5  Continued. 
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For  yawing  acceleration  (Channel  4  at  Figure  3.1),  comparison  of  the  calculated  response 
with  the  measured  response  is  similar  to  the  comparisons  for  rolling  and  pitching  accelerations. 
The  most  severe  acceleration  sensed  by  the  accelerometer  was  at  the  peak  of  a  high  frequency 
oscillation  attributed  to  local  structural  response  to  the  applied  loads.  The  calculated  response 
predicted  an  average  value  of  these  high  frequency  oscillations. 

Comparison  of  the  calculated  change  in  rotor  blade  flapping  over  the  tail  cone  relative  to  the 
shaft  is  shown  in  Channel  5  of  Figure  3.1.  For  this  blade-clearance  parameter,  the  calculated 
peak  flapping  angle  agreed  closely  with  the  measured  value  for  the  blade  monitored  by  Oscillo¬ 
graph  B,  whereas  poor  correlation  was  established  with  the  measured  value  for  the  blade  mon¬ 
itored  by  Oscillograph  A.  The  blade  monitored  by  Oscillograph  B  was  closer  to  the  tail  cone  at 


Oifferentiol  Pressure  ,  psi 

Figure  3.6  Helicopter  structural  limitation  envelope. 

the  time  of  the  blast  and  responded  more  nearly  in  the  manner  described  by  Equation  12  of  Table 
Flapping  of  neither  blade  exceeded  the  peak  value  calculated.  The  calculation  did  not  pre¬ 
dict  the  blade  flapping  oscillation  occurring  with  a  period  of  0.8  second.  This  oscillation  might 
be  predicted  when  equations  describing  independent  rotor-blade  flapping  degrees  of  freedom  are 
introduced  in  the  analysis. 

For  these  correlation  studies,  the  time  histories,  as  shown  in  Channels  8  and  7  at  Figure  3.1 
at  the  gust  input  mi  ,  and  gust  angle  of  attack ,  a q  ,  were  calculated  from  the  measured  value 
of  overpressure  and  orientation  and  were  introduced  directly  into  the  analog  comjwter.  These 
disturbances  have  disappeared  in  6  seconds  or  less;  therefore,  the  calculation  was  terminated 
in  6  seconds. 

3.2.2  Shots  Diablo  and  Kepler.  Comparisons  of  calculated  data  with  flight  test  measured 
data  is  shown  for  Shot  Diablo  in  Figure  3.2  and  for  Shot  Kepler  tn  Figure  3.3.  Comparisons 
for  these  shots  exhibit  the  same  characteristics  as  those  for  Shot  Priscilla.  Prediction  of  the 
load-factor  time  history  was  satisfactory  if  the  higher  frequency  oscillations  with  periods  of 
the  order  of  0.2  second  or  less,  excluded  from  these  plots,  are  attributed  to  local  structural 
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response  to  the  applied  loads.  Only  average  values  of  the  higher  frequency  oscillations  were 
predicted  for  the  rolling,  pitching,  and  yawing  accelerations.  Blade  flapping  angle  monitored 
by  either  oscillograph  did  not  reach  a  value  as  high  as  the  calculated  value  (only  blade  flapping 
from  Oscillograph  A  is  shown).  The  peak  load  factor  comparison  for  Shot  Kepler,  Channel  1 
of  Figure  3.3,  did  not  appear  to  be  good;  however,  the  difference  between  the  calculated  peak 
value  and  the  measured  peak  value  was  only  0.06  g.  This  increm  nt  of  load  factor  is  believed 
to  be  of  the  order  at  the  experimental  error.  This  is  also  true  of  blade  flapping  where  the  total 
change  in  blade  flapping  measured  in  flight  was  not  more  than  1  degree. 

3.3  FUSELAGE  RESPONSE  TO  GUSTS,  SHOTS  OWENS  AND  KEPLER 

The  overpressure  response  data  measured  during  the  test  operations  consisted  of  overpres¬ 
sure,  differential  pressure  between  the  inside  and  outside  of  the  tail-cone  skin  at  the  critical 
area,  and  a  number  of  fuselage  frame  and  stringer  stresses. 

Comparisons  of  calculated  frame  and  stringer  stresses  with  flight-test  data  are  presented  in 
Figures  3.4  and  3.5  for  Shots  Owens  and  Kepler.  These  two  shots  were  cbosen,since  all  other 
participations  were  with  reinforcements  installed  in  the  aircraft  or  were  for  a  side-on  orienta¬ 
tion  to  the  blast. 

The  method  followed  in  predicting  fuselage  stresses  resulting  from  blast  effects  is  consid¬ 
ered  accurate  for  the  frame  stresses.  The  effectiveness  of  the  method  for  predicting  stringer 
stresses  is  still  open  to  question  since  the  data  acquired  during  Operation  Plumbbob  did  not 
prove  or  disprove  the  analysis.  However,  since  the  relative  magnitudes  of  the  predicted  and 
actual  stringer  stresses  were  similar,  it  is  felt  that  more  generalized  instrumentation  might 
yield  adequate  correlation  with  stringer  stresses  as  well.  This  instrumentation  would  be  ar¬ 
ranged  to  allow  enough  data  to  be  gathered  to  properly  evaluate  dynamic  effects  as  well  as  to 
verify  critical  transducers. 

As  can  be  seen  by  comparison  with  the  analytically  determined  strength  envelope  presented 
in  Figure  3.6,  the  evaluated  test  events  for  the  unreinforced  HSS-1  were  well  within  design 
boundaries  with  considerable  margin  existing  both  in  load  factor  and  in  pressure  loading.  The 
static  test  results  for  the  frame  under  pressure  alone  fell  slightly  outside  the  theoretical  pres¬ 
sure  limit.  This  was  within  the  calculation  accuracy  and  is  probably  attributable  to  the  failure 
actually  beginning  before  any  indication  of  such  was  recorded. 

While  the  above  limits  are  limits  in  the  tactical  sense,  that  is,  precluding  any  structural 
damage  whatsoever,  it  is  considered  pertinent  to  point  out  that  failures  of  this  nature  may  not 
necessarily  involve  flight  safety.  Since  semimonocoque  structures  are  multiply  redundant,  and, 
because  a  good  deal  of  the  structure  is  overstrength  due  to  the  limitations  of  minimum  structural 
gages,  a  considerable  amount  of  structural  damage  is  tolerable  before  the  aircraft  becomes  un¬ 
safe  to  fly. 
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Chapter  4 

DISCUSSION 

4.1  OVERPRESSURE  AND  TIMK-QF-SHOCK- ARRIVAL  CORRELATION 

Comparison  between  the  predicted  and  measured  values  at  overpressure  and  time  of  shock 
arrival  was  made  using  the  after-the-fact  position  of  the  aircraft,  yield,  and  existing  atmos¬ 
pheric  conditions  at  shot  time.  The  measured  data  were  reduced  to  correspond  to  1  kt  burst 
at  sea  level  by  the  scaling  equation  outlined  in  Section  1.3  and  are  plotted  in  Figure  4.1  with  the 
basic  curves  for  overpressure  and  time  of  shock  arrival  from  Figure  1.3. 

Measured  values  of  overpressure  were  consistently  higher  than  the  values  predicted  by  the 
method  outlined  in  Section  1.3.  Detailed  explanation  of  this  relatively  poor  correlation  will  not 
be  attempted  in  this  report.  Overpressure  instrumentation  in  the  HSS-1  was  checked  several 
times  during  Operation  Plumbbob,  and  no  apparent  discrepancies  were  discovered.  Following 
completion  of  the  field  tests,  a  shock  tube  was  used  to  dynamically  calibrate  the  overpressure 
installation.  The  results  of  this  test  indicated  no  instrumentation  discrepancies. 

The  time-af-sboek-arrival  correlation  indicated  good  agreement  between  predicted  and  meas¬ 
ured  values. 

4.3  ROTOR  RESPONSE  TO  GUSTS 

The  slx-degrees-of-freedom  analysis  of  helicopter  stability  and  control  characteristics  and 
maneuvering  loads  made  possible  a  prediction  of  the  helicopter  flying  qualities  as  well  as  applied 
aerodynamic  loads  during  shock  wave  envelopment  encountered  during  the  tests.  Discussion  of 
structural-response  data  is  reserved  for  another  section  of  this  report.  Comparison  of  calcu¬ 
lated  data  with  flight-test  data  for  Shots  Priscilla,  Diablo,  and  Kepler,  indicate  that  the  analysis 
will  predict  the  rigid-body  response  time  histories  of  normal  load  factor,  rolling,  pitching,  and 
yawing  accelerations  with  reasonable  accuracy.  S  will  also  accurately  predict  maximum  rotor- 
blade  Mapping  for  fuselage  clearance  considerations. 

Calculated  time  histories  of  helicopter  motion  shown  in  Figure  B.12  indicated  that  no  flying- 
qualities  problems  developed  for  tail-on  shots  of  the  magnitude  and  orientation  of  either  Shots 
Priscilla  or  Diahlo.  Presence  of  the  autopilot  and  a  gust  input  from  the  tail  of  the  helicopter 
minimized  both  the  flying  qualities  and  loads  conditions.  Gust  from  the  tail  imparted  a  positive 
normal  load  factor  and  nose-down  pitching  moment  at  the  first  instant  of  time.  The  nose-down 
pitching  moment  was  in  a  direction  to  relieve  the  normal  load  factor  by  causing  a  reduction  of 
rotor  angle  of  attack  with  time,  fa  addition,  the  lift  slope  of  the  rotor  was  reduced  by  the  re¬ 
duction  of  helicopter  air  speed  caused  by  the  direction  of  the  air-mass  velocity. 

fa  Channel  3  of  Figure  B.13c,  the  calculated  time  history  of  rotor-blade  tip  angle  of  attack 
for  Shot  Priscilla  indicated  that  the  retreating  tip  of  the  rotor  Made  did  not  attain  a  stalled  con¬ 
dition.  The  stall  condition  is  approached  when  the  angle  of  attack  of  the  retreatti*  rotor  Made, 
a(t.g<* if)  >  reaches  10.6  degrees.  Even  tf  It  did  reach  a  value  of  13  degrees  or  more,  this 
local  angle  of  attack  rapidly  reduces  with  time  and  could  not  cause  any  serious  control-rod  load 
problem  with  the  Mast  from  the  tall  unless  the  helicopter  were  already  near  stall  for  steady- 
state  flight  conditions. 

fa  Channel  6  of  Figure  B.13a,  the  time  history  of  rotor-blade  flapping  over  the  tail  cons 
relative  to  the  abaft  indicated  that  initially  the  blades  flap  up  and  away  from  the  tail  cone  and 
do  not  subsequently  flap  more  than  a  degree  closer  to  the  tall  cone  than  they  were  for  the  steady 
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fligfct  preceding  the  bomb  blast.  It  was  apparent  that  rotor-blade  flapping  clearance  was  not  a 
problem  in  the  type  of  tail-on  blast  condition  that  existed  in  Shot  Priscilla. 

It  is  noted  that  in  Channels  2,  3,  and  4  of  Figure  3.1,  the  autopilot  helped  to  damp  the  longer 
period  modes  of  rolling,  pitching,  and  yawing  accelerations  rapidly.  These  oscillations  would 
gradually  build  up  with  time  if  the  autopilot  were  not  used,  provided  that  the  pilot  applied  no 
corrective  control.  For  this  magnitude  and  character  of  disturbance,  calculations  show  that 
even  without  the  autopilot,  several  seconds  could  elapse  without  pilot  control  being  applied  with¬ 
out  danger  of  loss  of  the  helicopter. 

According  to  Channel  3  of  Figure  B.12d,  the  autopilot  did  not  introduce  more  than  0.028  radi¬ 
ans  of  longitudinal  cyclic  pitch  during  Shot  Priscilla.  Since  the  autopilot  has  a  0.044  radians 
of  longitudinal  cyclic  pitch  authority,  it  was  adequate  for  stabilising  the  helicopter  following 
this  tail-on  hlast. 

It  is  emphasized  that  although  no  serious  loads  or  flying-qualities  problems  arose  in  tall-on 
blasts  of  the  severity  of  Shots  Priscilla  or  Diablo,  blasts  from  the  side  and  particularly  from 
the  front  could  be  quite  severe.  In  the  frontal  blast,  a  nose-up  applied  pitching  moment  would 
accompany  a  positive  normal  load  factor  and  the  lift  slope  of  the  rotor  would  be  increased  by 
the  increased  air  speed  of  the  helicopter.  The  applied  nose-up  pitching  moment  would  be  In  a 
direction  to  cause  the  helicopter  to  diverge  in  angle  of  attack  and  could  lead  to  a  flying-qualities 
problem  as  well  as  large  normal-load-factor  and  angular  accelerations. 

4.3  STATIONARY -STAR  LOAD  CORRELATION 

Correlation  between  predicted  and  measured  values  of  stationary-star  vibratory  loads  is 
presented  in  Tables  3.5  and  4.1  and  is  illustrated  in  Figure  1.3.  Predicted  values  of  the  re¬ 
treating-blade  indicated  tip  speed  were  based  on  actual  flight  and  atmospheric  conditions  at  the 
time  of  shock  arrival.  All  measured  data  were  within  the  scatter  of  the  experimental  data  from 
which  the  basic  curve  (Figure  1.3)  was  obtained.  Doe  to  this  good  correlation  over  a  fairly  wide 
range  of  conditions,  it  can  be  assumed  that  Figure  1.3  is  valid  for  the  range  of  operating  condi¬ 
tions  of  the  HSS-1. 

4.4  STRUCTURAL  CORRELATION 

The  method  of  structural  analysis  used  to  predict  fuselage  stresses  resulting  from  blast 
effects  was  found  to  be  accurate  for  predicting  frame  stresses.  Although  there  were  discrep¬ 
ancies  between  predicted  and  measured  stringer  stresses,  this  lack  of  correlation  is  believed 
to  be  due  mainly  to  the  inadequacy  of  the  stringer  instrumentation. 

Strain-gage  instrumentation  of  the  critical  structural  area  on  the  HSS-1  tail  cone  was  orig¬ 
inally  intended  for  safety  monitoring.  As  such,  the  number,  orientation,  and  calibration  of 
these  gages,  while  perfectly  adequate  for  their  intended  purpose,  were  marginal  for  an  accurate 
representation  of  critical  stress  distributions.  Coupled  to  this  fact,  Shots  Owens  and  Kepler 
were  both  low-yield  shots  producing  low  accelerations,  and  stress-level  changes  were  so  small 
as  to  be  practically  indistinguishable  from  the  normal  noise  and  vibrations  recorded. 

An  attempt  to  filter  out  some  of  these  vibratory  effects  was  made  and  was  only  partially  suc¬ 
cessful.  This  method  consisted  of  tracing  off  the  vibratory  trace  recorded  before  the  shot  and 
determining  whether  it  was  cyclic  or  random  by  superimposing  it  on  the  same  trace  recorded 
after  the  shot  effect,  ff  the  trace  was  cyclic  and  coincided,  the  tracing  was  aligned  across  tha 
shot,  matching  time  history  before  and  after  the  shot.  This  tracing  was  then  usad  as  ths  zero 
baseline  and  disturbances  were  measured  from  it.  This  method  yielded  reasonable  results  for 
some  of  the  accelerometer  traces,  but  the  stress  traces  were  not  periodic  and  had  to  be  treated 
using  the  conventional  method  of  means  to  filter  out  the  high-frequency  perturbations. 

The  tail-cone  strain  gages  were  calibrated  with  the  aircraft  on  the  ground,  in  order  to  cheek 
the  i-g  flight  stress  level,  a  calculation  of  loads  Incurred  on  the  critical  section  was  mads 
both  with  the  aircraft  in  1-g  steady  flight  and  with  it  on  the  ground.  By  rationing  the  two  sets 
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Retreating- Blade  Indicated  Tip  Speed  (knota)  -  Average  Indicated  Tip  Speed  (knot#)  -  Airspeed  (knot#)  (y  Load  Factor). 


oi  loads,  the  base  stress  level  was  cheeked  and  In  general,  fair  agreement  was  found  with  the 
calculations. 

4.5  RADIANT  EXPOSURE  AND  NUCLEAR  RADIATION 

All  measured  values  of  radiant  exposure  and  nuclear  radiation  were  too  low  In  magnitude  for 
accurate  correlation.  These  effects  were  not  critical  for  any  HSS-1  positions.  Tbs  measured 
values  of  these  data  are  listed  in  Table  3.3. 
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Chapter  5 

CONCLUSIONS 


Comparisons  of  experimental  data  obtained  during  these  HSS-1  tests  (with  predictions  of  heli¬ 
copter  response  made  possible  by  employing  a  six- degrees-ot- freedom  analysis  of  helicopter 
stability  and  control  characteristics,  and  maneuvering  loads)  resulted  in  a  high  degree  at  con¬ 
fidence  that  these  analytical  methods  may  be  employed  to  predict  the  helicopter  flight  behavior 
and  aerodynamic  loads  caused  by  nuclear  blast  effects. 

Comparisons  at  experimental  fuselage  stresses  with  analytical  predictions  confirm  the  accu¬ 
racy  of  fuselage  frame  analysis  but  fail  to  prove  or  disprove  the  analysis  at  fuselage  stringer 
stresses.  Since  it  has  been  determined  by  analysis  and  substantiated  by  static  tests  that  the 
tail-cone  frames  are  more  critical  than  the  stringer,  the  confirmed  frame-analysis  methods 
permit  establishment  of  the  HSS-1  structural  limitations  due  to  the  blast  effects.  These  limita¬ 
tions  were  determined  by  analysis  to  be  the  helicopter  design-limit  load  factor  of  2.67  g  and  a 
limit  overpressure  of  0.71  psi. 

From  experimental  data  obtained  during  the  HSS-1  participations  it  was  found  that  the  weapon- 
effects  prediction  methods  employed  permitted  accurate  prediction  of  time  of  shock  arrival  but 
resulted  in  unconservative  prediction  of  peak  overpressure  behind  the  shock  front. 

The  primary  objective  of  the  project  was  achieved  to  the  extent  that  the  critical  blast  limits 
at  the  HSS-1  helicopter  were  adequately  defined  for  application  to  the  problem  of  safe  escape 
from  underwater  nuclear  bursts.  The  determination  of  the  delivery  and  escape  capabilities  of 
the  helicopter  for  ASW  nuclear  weapons  depends  also  upon  the  airblast  and  nuclear  radiation 
characteristics  associated  with  underwater  explosions  and  the  weapon  fuzing  characteristics. 
Treatment  of  these  variables  is  considered  beyond  the  scope  of  this  project. 

As  may  be  anticipated  from  the  employment  at  a  manned  helicopter  during  the  tests  of  Proj¬ 
ect  5.1,  few  data  were  obtained  which  would  be  useful  in  substantiation  of  analytical  lethal  dam¬ 
age  considerations.  That  part  of  the  project’s  secondary  objective  related  to  experimental  data 
for  correlation  in  general  problems  of  helicopter  lethality  for  the  Department  of  the  Army  was 
not  satisfactorily  met. 
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Appendix  A 
INSTRUMENTATION 


A.1  RECORDING 

Recording  instrumentation  installed  in  tbs  HSS-1 
consisted  of  two  36- channel  Consolidated  Electro¬ 
dynamic  Corporation  Type  5-119  recording  oscillo¬ 
graphs.  and  a  photopanel  recorder.  Photographic 
records  were  made  of  the  normal  flight  instruments 
through  die  use  of  the  photopanel  recorder. 

A- 2  FUSELAGE  STRESS  MEASUREMENTS 

Resistance  strain  gages  were  installed  in  the 
vicinity  of  the  critical  fuselage  structure,  as  shown 
in  Figure  A.1.  to  measure  the  effect  of  overpressure 
on  this  structure.  The  fuselage  strain  gages  were 
resistance-calibrated  prior  to  and  after  each  parti¬ 
cipation-  Table  A.1  is  a  summary  of  the  fuselage 
strain  gages. 

A.3  OVERPRESSURE 

A  pressure  transducer  was  installed  on  a  special 
rack  at  the  trailing  edge  of  the  tail  pylon  as  shown 
in  Item  A-23  Figure  A.2,  to  measure  free- stream 
overpressure.  Data  obtained  during  the  first  shot 
participation  was  readable  but.  due  to  low  frequency 
response  of  the  static  probe  and  low  sensitivity  of 
the  galvanometer,  a  distorted  time  history  of  the 
overpressure  pulse  was  obtained.  Prior  to  parti¬ 
cipation  in  the  second  shot,  this  condition  was  cor¬ 
rected  and  satisfactory  overpressure  data  were 
obtained  for  all  following  shots. 

A  differential  pressure  transducer  was  installed 
in  the  vicinity  of  the  critical  fuselage  structure  to 
record  a  time  history  of  the  outside/inside  pressure 
in  this  area.  The  differential  pressure  transducer 
was  located  as  shown  in  Item  B-20,  Figure  A.2. 

Both  the  overpressure  and  differential  pressure 
transducers  were  calibrated  in  the  Sikorsky  instru¬ 
ment  laboratory  against  a  pressure  standard.  The 
manufacturer,  type,  and  serial  number  are  included 
in  Table  A.5. 

A.4  GUST  RESPONSE 

Linear  accelerometers  were  located  at  the  center 
of  gravity,  oriented  to  record  lateral,  longitudinal, 
and  vertical  accelerations.  Angular  accelerometers 
were  located  at  Station  236  to  record  pitch,  roll, 
and  yaw  accelerations.  Linear  accelerometers  were 


also  located  at  the  top  of  the  tail  pylon  oriented  to 
record  vertical  and  lateral  accelerations.  All  accel¬ 
erometers  were  resistance  calibrated  prior  to  and 
immediately  after  each  participation.  An  attitude 
gyro  was  calibrated  prior  to  and  after  each  partici¬ 
pation  by  use  of  a  precision  10-degree  piano.  Table 
A.2  is  a  summary  of  the  gust  response  Instrumenta¬ 
tion. 

A.5  MAIN  ROTOR  COMPONENT  LOADS, 
STRESSES  AND  RELATIVE  POSITIONS 

Resistance  strain  gages  were  installed  on  the 
main  rotor  blades  at  13  and  60  percent  radius  to 
record  leading  edge  and  normal  bending  stresses. 
Strain-gage  bridges  were  also  Installed  on  the  rota¬ 
ting  and  stationary  star  to  record  control  loads.  The 
rotating  and  stationary-star  assemblies  were  stati¬ 
cally  calibrated  at  the  Sikorsky  test  laboratory. 

Baldwin  thermometer  element  Type  TB-14  gages 
were  installed  at  13  and  60  percent  radius  of  the 
mjiin  rotor  blades  to  record  blade  temperature  rise 
and  maximum  temperature.  All  main  rotor  strain 
gages  and  thermometer  elements  were  resistance- 
calibrated  prior  to  and  after  each  participation. 

Potentiometer  elements  were  Installed  to  record 
main  rotor  blade,  pitch,  log,  and  flapping  positions. 
Potentiometer  elements  were  also  installed  to  record 
main  rotor  control  stick  displacements.  All  poten¬ 
tiometer  elements  were  calibrated  by  deflection  of 
the  control  to  its  limits  prior  to  and  after  each  shot. 

A  magnetic  pickup  was  located  at  the  base  of  the 
main  rotor  shaft  to  indicate  the  azimuth  position  of 
the  instrumented  main  rotor  blades. 

Table  A.3  is  a  summary  of  the  main  rotor  instru¬ 
mentation,  and  Figure  A.2  illustrates  approximate 
locations  of  main  rotor  instrumentation. 

A.6  TAIL  ROTOR  STRESSES  AND  RELATIVE 
POSITIONS 

Resistance  strain  gages  were  installed  on  two 
tail  rotor  blades,  to  record  tail  rotor  blade  leading 
edge  and  normal  bending  stresses,  as  illustrated  in 
Figure  A.2. 

Potentiometers  were  installed  to  measure  tail 
rotor  flapping  and  rudder  pedal  position.  These 
potentiometers  were  calibrated  by  deflection  of  the 
tail  rotor  blades  and  rudder  pedals  to  their  limits 
prior  to  and  after  each  shot. 
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TABLE  A  l  INSTRUMENTATION  TOR  FUSELAGE  STRESS  MEASUREMENTS 


lmnni 

Type 

Meeaurameat 

Location 

T»a 

Galvanometer 

Gnlvanomatar 

Flat-Frequency 

Reapoaen 

Recorder 

Channel 

Strata  Gage 

A-13 

Total  Fraaaa  Strasa 

Station  334.  Fort  Side 

T-31S 

0-60 

B-30 

Strata  Gaga 

A-13 

Total  Striager  Straaa 

Station  334.  SUrbonrd  Side 

T-31S 

0-60 

B-30 

Strata  Gat* 

A-13 

Total  Striagar  Straaa 

Station  336,  Starboard  Side 

7-31S 

0-60 

B-31 

Strata  Gnge 

A-13 

Total  Fraaaa  Straaa 

Station  334,  Starboard  Side 

T-S15 

0-60 

B-33 

Strata  Gate 

A-13 

Total  Skin  Straaa 

Station  336,  Starboard  Side 

T-315 

0-60 

B-33 

Strata  Ga|e 

A-13 

Total  Frame  Straaa 

Station  334.  Starboard  Side 

7-343 

0-135 

A-SO 

Strata  Gage 

A-T 

Total  Striagar  Straaa 

Station  333,  Starboard  Side 

7-343 

0-135 

A-31 

Strata  Gage 

A-T 

Total  Striager  Straaa 

Station  333,  Starboard  Side 

7-343 

0-135 

A-33 

Strata  Gaga 

A-T 

Total  Striagar  Straaa 

Station  343,  Starboard  Side 

7-343 

0-135 

A-33 

TABLE  A-2  ACCELERATION  MEASUREMENTS 


Manufacturer 

Serial 

Number 

MmurcTiwinf 

Location 

Fuaelage 

Station 

Tn* 

Galvanometer 

Galvanometer 

Flat-Frequency 

Reeponae 

Recorder 

Channel 

epe 

Sutfcaai 

33S 

Vertical  Acceleration  at 

Center  of  Gravity 

137.6 

335 

0-11 

A-17 

Stathnm 

337 

Lateral  Acceleration  at 

Ctder  of  Gravity 

137.6 

335 

0-U 

A-18 

1854 

Laagitudiaal  Acceleration 

at  Center  of  Gravity 

137.6 

335 

0-11 

A-19 

■Stalham 

13 

Pitch  Acceleration 

(Angular) 

336 

325 

0-11 

A-20 

Statham 

16 

Roll  Acceleration 

(Angular) 

238 

325 

0-11 

A-21 

Statham 

14 

Yaw  Acceleration 

(Angular) 

336 

325 

0-11 

A-22 

Staika 

229 

Vertical  Acceleration  at 

Center  of  Gravity 

137.6 

325 

0-11 

B-15 

Statham 

230 

Lateral  Acceleration  at 

Center  of  Gravity 

137.6 

325 

0-11 

B-16 

Statham 

1191 

Longitudinal  Acceleration 

at  Center  of  Gravity 

137.6 

325 

0-11 

B-17 

Statham 

1850 

Vertical  Acceleration 

Top  of  Tail  Pylon 

535 

325 

0-11 

B-23 

So  them 

1853 

Lateral  Acceleration 

Top  ol  Tail  Pylon 

535 

325 

0-U 

B-24 

Nuanpolif. 

BoneyveU 

1736 

Pitch  Altitude  Gyro 

130 

325 

0-11 

B-18 

Mianrapnha- 

1736 

Roll  Altitude  Gyro 

130 

325 

0-11 

B-19 
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TAILS  A.3  INSTRUMENTATION  FOR  MAIN  ROTOR  RESPONSES 


Black  ud  Mat  rotor  hlilis  in  ISO  riagraaa  iRrt. 


~~~ 

Type 

Mia  aura— at 

Looatio,  TH* 

Oalvaaoaaator 

Galvanometer 
Flat- Frequency 

Recorder 

Channel 

swtoea. 

A-13 

laaritag  a>g»  straaa 

13  pet  radius 

taaia  rotor  Mad* 

(Meek  Made) 

1-318 

0-80 

B-l 

Straia  pge 

A-13 

1  aartlag  trig!  atra— 

M  pet  radius 

wall  rotor  Maria 

(btack  biacW) 

1-318 

0-60 

B-t 

Rnlimt 

A-13 

Normal  htortisg  atraaa 

13  pet  radius 

taaia  rotor  Maria 

jblialt  Midi) 

1-318 

0-60 

B-S 

Straia  ssi 

A-13 

Nonaal  beading  atra— 

to  pet  radius 

■ala  rotor  Maria 

{Mack  Made) 

T-315 

0-60 

B-4 

Straia  m* 

A-13 

Push- rod  load  (black  Maria) 

1-318 

0-60 

B-S 

Straia  g*e 

A-13 

LoasitadUaal  alalln—  ij 

atar  load 

1-318 

0-60 

B-0 

Strata  ass* 

A-13 

Shaft  heeding  atra— 

amta  rotor 

1-318 

0-60 

B-l 

Strata  gage 

TB-14 

Temperature 

13  pet  radios 

mala  rotor  Mode 

(Mack  blade) 

1-318 

0-60 

B-8 

Strata  gags 

TB-14 

Temperature 

60  pet  radius 

— aia  rotor  Made 

(Mack  Made) 

t-3iS 

0-60 

B-0 

PM— ttOAMter 

400  Q 

Collective  stick  poaitioa 

1-318 

0-60 

B-10 

rui—ii—im 

400  a 

Pitch  angle  9 

mala  rotor  Maria 

(black  blade) 

1-318 

0-00 

B-ll 

MMttQMter 

400  a 

Flappiac  eagle  0 

mala  rotor  Made 

(Mack  Made) 

1-315 

0-00 

B-12 

Full— linwHi 

MOB 

Lag  angle? 

maia  rotor  Made 

(black  Made) 

1-315 

0-60 

B-13 

Coil 

Poaiti—  aagle  $ 

main  rotor  Made 

(Mack  Made) 

1-315 

0-00 

B-14 

Strata  gage 

A-13 

1  eerilag  edge  atr— a 

13  pet  radios 

maia  rotor  Made 

(blue  Made) 

1-315 

0-60 

A-l 

Straia  (age 

A-13 

1  eartiag  edge  stress 

60  pet  radios 

main  rotor  Made 

(M— Made) 

1-315 

0-00 

A-8 

Straia  gage 

A-13 

Nonaal  heating  atra— 

13  pet  radios 

^tstft  rotor  tlidt 

(bine  Made) 

1-315 

0-00 

A-3 

Straia  gage 

A-13 

Normal  ham Hag  sirens 

60  pet  radi— 

maia  rotor  Made 

(blue  blade) 

1-315 

0-00 

A-4 

Straia  gage 

A-13 

Push-rod  load 

(bine  Marie) 

1-315 

0-00 

A-5 

Straia  — ge 

A-13 

Bight  lateral 

stationary-star  load 

1-315 

0-00 

A-8 

Straia  gage 

A-13 

Left  lateral  stationary- 

star  load 

1-315 

0-00 

A-T 

Straia  ptf 

A-13 

Shaft  beading  atre— 

mala  rotor  Made 

1-315 

0-00 

A-8 

Straia  — ge 

TB-14 

Temperature 

13  pet  radi— 

maia  rotor  Made 

(blue  blade) 

1-315 

0-00 

A-0 

Strata  gage 

TB-14 

Tcnpuitore 

60  pet  radios 

mala  rotor  Made 

(Mae  Made) 

1-315 

0-00 

A-10 

rnuiimhi 

400  0 

Lateral  stack  position 

7-315 

0-40 

A-ll 

MwlInBrttr 

400  0 

I  nagitietinal  stick  position 

1-315 

0-00 

A-l! 

ftUrtnwrttr 

400  0 

Pitch  aagle  a 

male  rotor  Made 

(M— blade) 

7-315 

0-00 

A-18 

rnfctlntffr  i 

400  0 

Flappiag  aagle  9 

maia  rotor  Made 

Mae  Made) 

1-315 

0-00 

A-14 

M—r 

4000 

Leg  eagle  r 

maia  rotor  Made 

(Mae  Made) 

1-315 

0-00 

A-18 

Coil 

400  0 

Poeittoo  eagle  $ 

maia  rotor  Made 

(Mae  Made) 

7-315 

0-00 

A-18 
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TABU  JL4  DSnomMTATKW  FOB  TAIL 


ntf-rruwcy 


0* 


rm 

Q^MUMMlDr 

CklVUMMkM* 

w-Tmiimy 

ntOMtor 

!-M 

9-SM 

t-n 

(hteakhMc) 

1-941 

9-199 

B-U 

MadthMt) 

T-941 

9-199 

B-M 

NkAAMi) 

1-941 

9-199 

B-91 

1-919 

9-99 

B-U 

MkWi) 

1-941 

9-199 

A-M 

(raikWa) 

1-941 

9-199 

A-91 

(rat  Mate) 

1-941 

9-199 

A-M 

A-M 

>-w 


A-M 

A-W 


Table  A.4  la  a  summary  of  the  tall  rotor  lnatru- 

■wtttha. 

A- 7  MISCELLANEOUS 

Calorimetera  wore  installed  on  a  apaeial  rack, 
attached  to  the  trailiag  edge  of  the  tail  pylon.  to 
measure  ladlrect  radiant  exposure.  Calorimetera 
•ere  supplied  and  calibrated  by  the  Naval  Radiolog¬ 
ical  Deteaae  Laboratory  (NRDL).  A  thermocouple 
waa  isatalled  oa  the  starboard  side  of  the  aircraft. 
This  iastrumeat  was  calibrated  by  NROL  personnel 
prior  to  aad  after  each  shot. 


Solar  batteries  were  Installed ,  one  of  whioh  waa 
wired  into  each  oscillograph,  to  indicate  time  of 
explosion.  One  channel  on  each  oscillograph  waa 
used  to  monitor  the  Instrumentation  direct  current 
voltage  supply.  The  dynamic  reforenoe  capability 
of  each  oscillograph  was  used  to  give  Indication  on 
the  oscillographs  of  each  frame  of  photopanel  data. 

Table  A.S  la  a  summary  of  ths  miscellaneous, 
overpressure,  and  differential  pressure  instrumen¬ 
tation. 
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Apptndii  B 

EQUATIONS  mi  METHODS  of  ANALYSIS  for 
BLAST-WAVE  RESPONSE  of  HSS-I  HELICOPTER 


The  purpose  of  the  following  sections  is  to  pre¬ 
sent  the  equations  and  method  of  analysis  of  detail¬ 
ed  motions  of  the  HSS-1  helicopter  in  response  to  a 
nuclear  blast  nave.  The  basic  helicopter  relation¬ 
ships  presented  herein  were  modified  or  amplified 
in  accordance  with  the  discussion  of  Section  1.4. 

ai  WEAPON-EFFECTS  PARAMETERS 

la  order  to  analyse  the  dynamic  response  of  the 
helicopter  to  the  blast  wane  from  a  nuclear  detona¬ 
tion,  it  was  necessary  to  predict  the  variation  of 
Significant  blast-wave  parameters  with  distance  and 
time  behind  the  shock  front.  Basic  parameters  such 
as  particle  lelocity  behind  the  shock  front,  density 
behind  the  shock  freed,  dynamic  pressure  behind  the 
shock  front,  and  time  of  arrival  of  the  shock  front 
were  predicted  (using  Figure  1.1)  by  the  methods 
outlined  in  Section  1.3. 

A  schematic  drawing  of  the  orientation  of  the 
gust  relative  to  the  helicopter  is  shown  in  Figure 
B-l.  This  gust  is  resolved  as  shown  in  Figure  B.2 
into  two  simultaneous  distrubaaces,  an  angle  of 
attack  disturbance.  aG.  and  a  rotor  tip- speed  ratio 
disturbance,  pj-  By  use  of  measured  values  of 
shock  overpressure  and  the  calculated  gust  velocity, 
useful  graphical  relationships  of  O'  versus  dp*  as 
shown  in  Figure  B-3  were  obtained, 

B.2  GUST  RESPONSE  EQUATIONS 

B.2.1  List  of  Symbols. 

a.  Slope  of  curve  of  section  lift  coefficient  against 
section  angle  of  attack  =  5.73/radian 

a’.  Longitudinal  angle  between  the  control  axis 
and  the  rotor  force  resultant,  radians. 

a, .  Angle  between  the  rotor-blade  span  axis  and 
the  bp-path  plane,  radians. 

ai.  longitudinal  aagie  between  n  normal  to  the 
control  axis  and  the  tip-path  plane,  radians 

aJg,  Longitudinal  angle  between  n  normal  to  the 
shaft  axis  and  the  tip-path  plane,  radians,  (a^  *  aj 
-8is> 

ASg,  Lateral  angle  between  the  control  axis  and 
shaft  ax is,  radians 

b.  Number  of  blades  per  rotor. 

b\  Lateral  angle  between  the  control  axis  and  the 
rotor  resultant  force,  radians 


b{.  Lateral  angle  between  n  normal  to  the  control 
axis  and  the  tip-path  plane,  radians. 

b^ ,  Lateral  angle  between  a  normal  to  the  abaft 
axis  and  the  tip-path  plans,  (bjg  -  bj  +  Aja). 

B ,  Tip  loss  factor;  blade  elements  outboard  of 
BR  are  assumed  to  have  profile  drag  but  no  lift. 

B|s ,  Longitudinal  angle  between  the  control  axle 
end  the  shaft  axis,  radians. 

C,  Rotor  blade  chord,  feet. 

Cfif  >  Fuselage  drag  coefficient  *  D/qvR*. 

ClJ,  Fuselage  lift  coefficient  *  L/qvR*. 

Cij,  Fuselage  rolling  moment  coefficient  ■  Lf/qvR1. 
Cih ,  Rotor  hub  rolling  moment  coefficient  ■ 
lWR>- 

Cjjg ,  Rotor  hub  rolling  moment  coefficient  due  to 
aerodynamic  forces  =  l4*/q»Rs- 

Cib»  ■  Rotor  rolling  moment  coefficient  due 
to  inertia  forces  =  LJ^/qvR*. 

C^,  Fuselage  pitching  moment  coefficient  » 
Mf/qS*. 

Cm-,  Rotor  hub  pitching  moment  coefficient  * 

Cnj ,  Fuselage  yawing  moment  coefficient  =  Nf/qrR*. 
Cq  ,  Rotor  abaft  torque  coefficient  =  Q/prB2(QR)*R. 
Cy ,  Main  rotor  thrust  coefficient  =  T/p»R*(OR)*. 
CyT ,  Tail  rotor  thrust  coefficient  = 

Ty/(prR,flHl,)TR. 

Cy ,  Rotor  lateral  force  coefficient  =  Y/p»R*(OR)*. 
Cyf,  Fuselage  side  force  coefficient  =  Yf/q*R*. 

Df ,  Drag  of  fuselage  (complete  helicopter  minus 
main  rotor  and  tail  rotor),  lbs. 

e ,  Rotor  flapping  binge  offset  from  center  line  of 
rotation,  feet. 

g.  Acceleration  due  to  gravity,  ft/eec*. 

h ,  Vertical  distance  from  main  rotor  hub  to  c.  g. 
measured  along  vertical  stability  axis,  feet. 

h  ,  Longitudinal  distances  from  main  rotor  bdb 
to  c.g.  measured  slang  a  stability  axis,  feet. 

blU,  HT,  VT  >  Vertical  distance  from  center  of 
rotation  of  tail,  center  of  pressure  of  horizontal  tall, 
or  vertical  tail  to  c.  g.  measured  along  s  stability 
axis,  feet. 

H ,  Longitudinal  component  of  rotor  resultant 
force  normal  to  tha  control  axis,  lbs. 

is ,  Angle  between  s  fuselage  station  Una  and  the 
shaft  axle,  radians,  positive  for  abaft  tilted  forward, 
fy ,  Angle  of  incidence  of  borisontal  tail  measured 
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from  a  fuselage  water  line,  radians,  positive  for 
leackag  e<%e  up. 

Ib ,  Moment  of  inertia  of  a  rotor  blade  about  tte 
(lapping  hinge  axis,  stug-ft*. 

Ix .  Ly. ,  I, ,  Moment  of  inertia  of  the  helicopter  about 
the  longitudinal,  lateral,  and  vertical  axes,  respec¬ 
tively.  passing  through  the  c.  g. ,  slug -ft1. 

K«,  Helicopter  radius  of  gyration  about  the  ith 
axis  =  i 

*TR ,  BT  YT  *  l^tesgitudinaJ  distance  from  the 
center  of  rotation  of  the  tail  rotor,  the  center  of 
pressure  of  the  horiiowtal  tail  and  vertical  tall, 
respectively,  from  the  c.  g.  measured  along  a  stability 
axis.  feet. 

L ,  Kotor  lift,  lb. 

If,  Fuselage  lift,  lb. 

1% ,  Kotor  hub  rolling  moment  about  a  loi^itudinal 
axis  through  the  rotor  hub  center,  Ib-ft. 

,  Rotor  hub  rolling  moment  doe  to  aerodynamic 
farces,  Ib-fL 

Lfcw .  Rotor  hub  rolling  moment  due  to  inertia 
forces,  ib-ft. 

m.  Mass  parameter  *  W/pgbcQR*. 

“b  •  Mass  per  unit  span  at  the  rotor  blade, 
stugs/fL 

Mb .  Mass  moment  of  rotor  blades  about  tte  Qap- 
piag  hinge  =  /*u%(r-e)dr. 

Mh»  Bator  bub  pitching  moment  about  a  lateral 
axis  through  tte  rotor  bub  center,  Ib-ft 

Mf,  Fuselage  aerodynamic  pitching  moment  about 
n  lateral  axis  passing  through  tte  c.  g. ,  Ib-ft 

N.  Yawing  moment  about  the  vertical  axis,  Ib-ft. 

Kf.  Fuselage  yawing  moment  about  tte  vertical 

axis  passing  through  tte  helicopter  c.g. ,  Ib-ft 
q.  Free  stream  dynamic  pressure,  0 ,/ft*. 

«ty.  Dynamic  pressure  at  tte  tail,  lb /ft*. 

‘tyest*  *’nd  bumel  test  dynamic  pressure,  Ib/ft*. 

Q,  Main  rotor  torque,  Ib-ft 

R,  Rotor  force  resultant,  lb;  also  rotor  radius, 

ft. 

S,  Rotor  dish  area,  »B*,  ft*. 

S.  F. ,  Scale  factor  of  wind  tunnel  model. 

t.  Tabulated  constant  terms  from  Bailey's  analy¬ 
sis,  Reference  4. 

T,  Main  rotor  thrust;  component  of  rotor  result¬ 
ant  force  takes  along  the  control  axis,  lb. 

Ty,  Tail  rotor  thrust  (acts  along  the  axis  of  ro¬ 
tation),  lb 

V,  Velocity  of  tte  helicopter  along  tte  flight  path, 
ft/aec- 

V,  Resultant  wind  velocity  relative  to  tin  heli¬ 
copter  tutelage,  ft/ sec. 

*>  Weight  parameter  =  W/pbcfl*R*. 

W,  Gross  weight  of  tte  helicopter,  lb. 

Y,  Lateral  component  of  tte  rotor  resultant  force 
normal  to  tte  B  force  and  the  control  axes,  lb. 

Yf,  Fuselage  aerodynamic  side  force  normal  to 
the  fuselage  lift  snd  drag  forces,  lb. 

o.  Rotor  angle  of  attach,  angle  of  attach  of  a 


normal  to  tte  control  axis  with  respect  to  tte  flight 
path,  radians. 

of.  Angle  of  attach  of  tte  fuselage  with  respect 
to  tte  flight  path. 

arfjoca]!  Angle  of  attack  of  the  fuselage  corrected 
for  main  rotor  down  wash. 

or8,  Anglo  of  attack  of  a  normal  to  the  shaft  axis 
with  respect  to  the  flight  path,  radians. 

at.  Angle  of  attack  of  n  normal  to  the  control 
axis  with  respect  to  a  lateral  flight  path,  radians. 

o>is>  Angle  of  attack  of  a  normal  to  the  shaft  axis 
with  respect  to  a  lateral  flight  path,  radians. 

ff.  Sideslip  angle,  angle  between  the  longitudinal 
reference  axis  and  tte  remote  wind  velocity,  radians. 

(Jc,  Angle  between  a  normal  to  the  control  axis 
and  the  blade  span  axis,  (fic  »  S|— a,Cosf  -  bj,  Sin  #), 
radians. 

Ps,  Angle  between  a  normal  to  tte  shaft  axis  and 
the  blade  span  axis,  radians. 

Y,  Mass  constant  of  a  rotor  blade. 

6,  Main  rotor  blade  mean  drag  coefficient. 

6|>6|>6i>  Constants  In  Bailey's  quadratic  equation 
for  blade  profile  drag  coefficient  (C^  *  6,  *  6, a  *  a, a*). 

£,  Dimensionless  rotor  inertia  force  parameter, 

=  (e  Mb/lb)  +  (e*Wb/*bg). 

9|,  Rotor  blade  pitch  angle  measured  at  the  cuff 
from  a  normal  to  tte  control  axis,  radians. 

B.n,  Rotor  blade  pitch  angle  measured  at  75  per¬ 
cent  blade  radius  from  a  normal  to  tte  control  axis, 
radians. 

©•j..  Tail  rotor  blade  pitch  angle,  radians. 

Of,  Angle  of  inclination  of  tte  fuselage  longitud¬ 
inal  axis  from  tte  horison,  (0F  *  aF  +  r),  radians. 

K  Rotor  blade  Up  inflow  ratio  =  (V  Sina-v)/QR. 

M.  Rotor  blade  Up  speed  ratio  =  V/QR. 
v.  Induced  inflow  velocity  at  rotor,  ft/sec. 
p.  Density  of  air.  slugs/ft*. 

а.  Rotor  solidity  ratio  ■=  be AR. 

<t*.  Fuselage  side  wash  angle,  radians. 
t.  Longitudinal  flight  path  angle,  angle  between 
longitudinal  flight  path  and  horizon,  radians. 

7j,  Lateral  flight  path  angle,  angle  between 
lateral  flight  path  and  horizon. 

б,  Roll  angle,  tte  angle  between  the  lateral  ref¬ 
erence  axis  and  the  horizon. 

4,  Angle  of  yaw  -  the  angular  displacement  of  tte 
longitudinal  axis  before  and  after  the  disturbance, 
radians.  (Also  blade  azimuth  angle). 

Q,  Rotor  angular  velocity,  rmdians/sec. 

QR,  Rotor  Up  speed,  ft/ sec. 
cw,  Wing  down  wash  angle,  radians. 

SUBSCRIPTS 

f,  W.  B.  T. ,  Parameters  of  tte  wing  body  tail  com¬ 
bination,  tte  complete  helicopter  less  tte  main  and 
tail  rotors. 

M.  F. ,  Parameters  pertaining  to  the  main  rotor. 
Unless  otherwise  specified,  all  rotor  parameters 
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without  a  subscript  u«  main  rotor  parameters. 

t,TR.  Parameters  pertaining  to  Urn  tail  rotor. 

V.T. ,  Parameters  pertaining  to  the  vertical  tail. 

H.  T. ,  Parameters  pertaining  to  the  torisontal 
tail. 

TEST,  Wind  tunnel  test  parameters. 

S,  A  normal  to  the  shaft  axis  is  taken  as  the  axis 
of  reference. 

B-ti  ii'-stem  of  Axes.  The  flight  path  stability 
axis  system  is  used  throughout.  In  hover,  the  Sight 


3.  The  changes  in  forces  and  moments  acting  on 
or  within  the  helioop  ter  depend  on  dtfeklaoementa, 
velocities,  and  accelerations  along  and  perpendicular 
to  the  flight-path  axes  in  the  cam  of  forces,  and  about 
the  helicopter  center  of  gravity  in  the  cam  of  moments. 

4-  Since  the  deviation  of  each  of  the  major  var¬ 
iables  from  its  equilibrium  value  la  small,  the  differ¬ 
entials  in  the  differential  equations  of  motion  are  re¬ 
placed  with  actual  Increments,  and  the  partial  deri¬ 
vatives  of  fee  helicopter  forces  and  momenta  wife 
respect  to  them  variables  and  their  first  and  second 


path  is  coincide!*  wife  fee  horizon.  The  x  axis  is 
positive  forward  and  tangent  to  fee  flight  path;  fee  y 
axis  is  positive  to  the  starboard  and  normal  to  fee  x 
axis,  and  fee  z  axis  is  positive  downward  and  normal 
to  both  fee  x  and  y  axes-  The  positive  direction  of 
all  lfiri  me  shown  in  Figures  B4,  B-5,  and  B-6. 

EL 3.3  Assumptions  and  Conditions.  The  linearized 
stability  equations  are  subject  to  fee  following  assump¬ 
tions  and  conditions. 

1.  The  helicopter  is  subjected  to  a  disturbance 
which  produces  a  motion  of  small  oscillations. 

2-  Small  control  displacements  occur  for  a  short 
period  of  time  during  which  only  a  small  departure 
from  fee  original  steady-state  flight  path  occurs 


time  derivatives  are  constant  throughout  the  disturbed 
motion. 

5.  During  the  disturbance  all  of  the  major  vari¬ 
ables  or  their  first  and  second  derivatives  wife  time 
are  functions  of  time. 

6.  Rotor  tip  speed,  OR,  remains  constant.  (The 
tip  speed  ratio,  p,  then  varies  only  wife  fee  velocity 
along  fee  flight  path,  V. ) 

7.  Wind  tunnel  data  and  static  trim  data  are  avail¬ 
able  for  fee  forward  flight  analysis. 

8.  Small  angle  assumptions  are  permissible: 

Sin  a  =  tan  a  =  a(radians) 

Cos  a  -  1 

9.  The  second  harmonic  motion  of  the  rotor  blades 
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U»  horizontal. 

M.Mx.y,  z>  Rotor  Up  speed  r«Uo. 

0,  Sideslip  angle. 

0,  Roll  angle. 

♦,  Yaw  angle. 

A(g>  Lateral  cyclic  control. 

B(s>  Longitudinal  cyclic  control. 

9|,  Main  rotor  collective  oontrol. 
et,  Tall  rotor  blade  pitch  angle  control. 

B.t.4  General  Equations  of  Motion. 

In  The  X  Direction* 

-  -  £  faVot)-  g  Cu*  (EK<  |5^Ccte“‘"r*o 

In  The  V  Direction 

In  The  Z  Direction 

Rolling  Moments 

Pitching  Moments 

•  (fff) 

Vault  ng  Moments 

35 


and  all  higher  harmonics  are  neglected. 

10.  Rotor  blade  motion  about  the  lag  hinge  ie  neg¬ 
lected. 

11.  Compressibility  and  stall  effects  ere  neglected. 
12-  The  following  helicopter  physical  quantities 

and  parameters  are  taken  as  major  variables: 

Of,  Fuselage  angle  of  attack  relative  to  the 

flight 

t,  Longitude*!  flight  path  angle  relative  to 
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Where 
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.atb(>M.>»-ia0a,^a:>^s+Q#Ci><a*-i  b, 

-l*/*-£y*\)+e,£±a.>i  -£b, 

-*a.>0»  -i  X/V*  '  ib-^)J 

*a,! ' « f' b'*A*)-  tf 

*i^^l  P-Cf  ^J+  if1  +>-a  - 

«L« 

-^A„X]f,-(,)]J 

+i*%[i-d)]j 

Q-"=  {[f(IV*>S,(^^>^]-g>4v 

cl,  *  4-ria«HP^l‘VA-t~%>^Q.+i^0‘] 
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ratio  of  the  down  wash  velocity  at  the  horizontal  tail  to  the 
down  wash  velocity  at  the  plane  of  the  rotor. 
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Angle  of  Attack  (a).  Degrees 
Figure  B.T  Lift  versus  angle  of 


Angle  of  Attock  (a).  Degrees 


Figure  B.8  Dreg  versus  sngle  of 
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as  DISCUSSION 

la  order  to  facilitate  the  calculation  of  helicopter 
aerodynamic  parameters  for  a  forward  flight  oondi- 
Uoa  fa  which  tha  helicopter  was  la  static  equilibrium, 
a  profraaa  which  satisfied  the  foroe  and  moment 
coodiUaoe  represented  by  Equations  X  through  6  of 


ical  valuee  for  parameters  required  to  oaloulate 
HSb-1  helioopter  atatlo  trim  and  etability  derivatives 
with  the  sid  of  the  IBlf  704.  The  stability  derivatives 
were  than  taken  to  an  EASE  Analog  Computer  and 
set  up  in  the  equations  of  motion  represented  in 
Section  B.2.5.  The  analog  oomputer  performed  a 


Angle  of  Attach  (a).  Degrees 


Figure  B.9  Pitching  moment  versus  angle  of  attack. 


Section  B.2.6  was  set  up  on  an  IBM  704  Electronic 
Date  Processing  Machine.  The  complete  program 
incorporated  a  static  trim  program  to  calculate 
initial  trim  conditions  and  an  algebraic  dynamic 
stability  derivative  program  in  the  digital  computer 
part.  Such  helicopter  deeign  data  aa  listed  in  Table 
B.1  sad  wind  tunnel  data  from  Figures  B.7  through 
B.11  for  fuselage  lift,  drag,  pitching  moment,  yaw¬ 
ing  moment,  and  aide  foroe,  respectively,  consti¬ 
tuted  the  Input  data.  Table  B.l  illustrates  the  numer- 


rapid  solution  of  tee  equations  of  motion  and  plotted 
the  results  in  engineering  unite  on  six-channel  graph 
paper  a a  illustrated  in  Figure  B.12.  The  effect  of 
any  arbitrary  helicopter  control  input,  gust,  or 
angle-of-attack  input  could  be  studied. 

The  results  shown  in  Figure  B.12  were  obtained 
by  solution  of  the  Equations  shown  in  Table  B.2  with 
derivatives  evaluated  for  the  specific  test  event.  Shot 
Priscilla.  The  incremental  notation  for  derivatives 
in  these  equations  has  been  discussed  in  Section 
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Angle  of  Yew  (f),  Oogron 
Figure  B.10  Yawing  moment  venue  angle  of  yaw. 
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Figure  fl.12*  Calculated  responae  for  Shot  Priscilla.  Figure  B.12b  Calculated  response  for  Shot  Priscilla. 
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Figure  B.12c  Calculated  response  for  Shot  Priscilla.  Figure  B.12d  Calculated  response  for  Shot  Priscilla. 
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I 


2.3.2.  The  calculations  wore  performed  for  six 
seconds  so  that  sufficient  time  Is  allowed  to  deter¬ 
mine  what  flying  qualities  and  loads  occur  for  the 
foil  duration  of  the  blast.  Time  histories  of  all 
three  translating  accelerations  as  well  as  rolling, 
pitching,  and  yawing  accelerations  for  the  purpose 
of  loads  calculated  are  shown  in  Figure  B.12.  In 
addition,  time  histories  are  shown  of  fuselage 


attitude,  roll,  pitch,  and  yaw  rates,  angle  of  attack 
at  the  tip  of  the  retreating  rotor  blade  and  rotor- 
blade  flapping  angle  relative  to  the  shaft  when  the 
blade  is  over  the  tail  cone.  For  these  last  two  par¬ 
ameters,  equations  presented  in  Section  2.4.2  were 
evaluated  and  serve  to  indicate  development  of  stall 
in  the  rotor  and  rotor  blade  clearance  over  the  tall 
cone,  respectively. 


77 


CONFIDENTIAL 


Appendix  C 

TYPICAL  TIME  HISTORIES 
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Wf«roC.5  Loft  lateral  star  load  varsua  time.  Figure  C.6  Main  rotor 
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Tima, Seconds 

Figure  C.9  Vertical  acceleration  at  tall  pylon  versus  time. 
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Figure  C.U  Tail  rotor  blade  edgewise  stress  versus  time. 
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Figure  C.12  Tail  rotor  blade  flatwise  stress  versus  time. 
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Co— end,  Ft.  Bustle,  Va.  ARI:  Chief,  Tech.  Info. 

Dlv. 

35  Commanding  Officer,  UBA  Transportation  Combat  Development 

Group,  Ft.  Bustls,  Va. 

36  Director,  Operations  Research  Office,  Johns  Hopkins 

University,  6935  Arlington  Rd.,  Bethesda  14,  Md. 

37  Cn— under- In -Chief,  U.S.  Army  Europe,  APO  403,  Bev  fork, 

I.T.  ATT*:  Opot.  Dlv.,  Weapons  Br. 

HAVT  ACTIVITI1S 

36  Chief  of  level  Operations,  D/l,  Washington  25*  D.C. 

ATI*:  0P-O3BG 

39  Chief  of  Bevel  Operations,  D/l,  Washington  25*  D.C. 

ATT*:  OP-75 

«7 


4o  Chief  of  Havel  Operations,  D/f,  Washington  25,  D.C. 

ATT*:  QP-922G1 

hi-  42  Chief  of  Ravel  Research,  D/I,  Washington  25,  D.C. 

ATT*:  Coda  611 

h 3-  Ifh  Chief,  Bureau  of  Aeronautics,  D/l,  Washington  25*  D.C. 

45-  49  Chief,  Bureau  of  Aeronautics,  D/l,  Washington  25,  D.C. 

ATT*:  AXR-AD-41/20 

50-  51  Chief,  Bureau  of  Ordnance,  D/H,  Washington  25,  D.C. 

52  Chief,  Bureeu  of  Ordnence,  D/*,  Washington  25,  D.C. 

ATT*:  8.P. 

53  Director,  0*8.  Bevel  Be  search  Laboratory,  Washington 

25,  D.C.  AST*:  Nr*.  Katharine  H.  Caae 
54-  55  f— am  er,  U.S.  Bevel  Ordnanoe  laboratory,  White  Oak, 

Silver  8pring  19,  M. 

56  Director,  Material  Lab.  (Code  900),  lew  Tor*  Bevel 

Shipyard,  Brooklyn  1,  I.T. 

57  C—s ending  Qffleer,  U.8.  Bevel  Ml—  Defense  Lab., 

Panama  City,  71a. 

58-  59  Commanding  Officer,  U.S.  Bevel  Radiological  Defense 
laboratory,  San  Francisco,  Calif.  ATT*:  Tech. 

Info.  Div. 

60  Cn— muling  Officer,  U.S.  Bevel  Schools  Co— and,  U.S. 

Bevel  Station,  Treasure  Island,  San  Francisco,  Calif. 

61  Superintendent,  U.S.  Bevel  Postgraduate  School,  Monterey, 

Calif. 

62  Co— ending  Officer,  fuclear  Weapons  Training  Canter, 

Atlantic,  U.S.  Haval  Base,  Rorfolk  11,  Vh.  ATT*: 

Nuclear  Warfare  Dept. 

63  Co— ending  Officer,  fuclear  Weapons  T mining  Center, 

Pacific,  level  Station,  San  Ditff),  Calif. 

64  Commanding  Officer,  U.S.  Kval  Damage  Control  Tng. 

Center,  level  Base,  Philadelphia  12,  Pa.  An*:  ABC 
Defense  Course 

65  Commanding  Officer,  Air  Development  Squadron  5,  VX-5, 

China  Lake,  Calif. 

66  Commanding  Officer,  Kaval  Air  Material  Center,  U.S.  Ravel 

Base,  Philadelphia  12,  Pa.  ATT*:  Technical  Data  Br. 

67  Commander,  Officer  U.S.  Ravel  Air  Development  Center, 

Johaaville,  Pa.  ATT*:  RAS,  Librarian 

68  Co— ending  Officer,  Ravel  Air  8p.  Wpna.  Facility,  Klrtland 

AR,  Albuquerque ,  1.  Max. 

69  C oeman.de r,  U.8.  Ravel  Ordnance  Teat  Station,  China  Zaks, 

Calif. 

70  Cn— andant,  U.S.  Marine  Corps,  Washington  25,  D.C. 

ATTR;  Code  A03H 

71  Director,  Marl—  Corps  Landing  Force,  Develop— nt 

Center,  MC8,  Quant ico*  Ve. 

72  l~n— andliifl  Officer,  U.S.  Haval  CIC  School,  U.S.  Naval  Air 

8  tat  ion,  Glyneo,  Brunswick,  Oe. 

73-  81  Chief,  Bureau  of  Naval  Weapons,  Navy  Department,  Wash¬ 
ington  25,  D.C.  AW*:  KR12 


AIR  FCRCK  ACTIVITIES 

82  Assistant  for  Atomic  Energy,  BQ,  UBAF,  Washington  25, 

D.C.  ATHh  DCB/O 

83  Bq.  oa»F,  ATW:  Ojurmtlon.  An.lr.1.  Off  lea,  Offlc.,  Tic. 

Chief  of  Staff,  Washington  25,  D.  C. 

84-  85  Air  Force  Intelligence  Center,  HQ.  UBAF,  ACS/X 
(AFCH-3TC)  Washington  25*  D.C. 

86  Director  of  Research  and  Develop— nt,  DC8/D,  BQ.  USAF, 

Washington  25,  D.C.  ATI*:  Guidance  and  Weapons  Dlv. 

87  The  Surgeon  General,  HQ.  USAF,  Washington  25,  D.C. 

ATX*:  Blo.-Def .  Pre.  Med.  Division 
86  Co— ander.  The t leal  Air  Command,  Langley  AIB,  Va.  ATT*: 
Doe.  Security  Branch 

89  Co— ander.  Air  Defense  Co— and,  Int  AFB,  Colorado. 

ATT*:  Assistant  for  Atomic  Bnargy,  ADUC-A 
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90  Ooaudar,  Bq.  Air  Research  and  Developaent  Ccmaand, 

Andreva  An,  Washington  25,  D.C.  ATT*:  WSWA 

91  r  amandsr,  Air  Bare*  Balllatlc  MlaaUa  Dir.  BJ.  ABIC,  Air 

Tores  Unit  Boat  Qfflea,  Ioe  Angeles  A;,  Calif.  ATI*:  HD60T 
92-  93  I~fiiii1iir.  AT  Cambridge  Reeearch  Caster,  L.  C.  Hanscom 
Tlald,  Bedford,  Naaa.  An*:  CHJBT-2 
94-  96  Coamender,  Air  Toree  Spatial  Weapons  Cantar,  Xlrtland  An, 
Albuquerque ,  I.  Max.  ATI*:  Tech.  Info.  A  Intel.  Sir. 

99-100  Director,  Air  Calvsrslty  Library,  Maxwell  An,  Ala. 

101  Cmmmndsr,  Leary  Technical  Training  Canter  (W), 

Leary  ATB,  Denver,  Colorado. 

IOC  Commandant,  School  of  Aviation  Medicine,  Brooke  Air 
Force  Base,  Texas 

103  Ooaaandar,  1009th  Sp.  Wpns.  Squadron,  SB.  0SAT,  Washington 
25,  D.C. 

104 -106  r  ■■min  Wright  Air  Develojment  Center,  V  right  -Patterson 
An,  Dayton,  Ohio.  ATT*:  WCACT  (Tor  WCOSI) 

107-108  Director,  OSAT  Project  BAUD,  VIA:  OSAT  Liaison  Office, 

The  BAUD  Oorp. ,  1700  Main  St.,  Santa  Monica,  Calif. 

109  Ccaaander,  Air  Defense  Systsu  Integration  Dlv.,  L.  0. 

Hanscae  Tlald,  Bedford,  Naaa.  ATT*:  8IIC-S 

110  Chief,  Balllatlc  MlaaUa  Bsrly  Waning  Project  Office, 

220  Church  St.,  Maw  Tork  13,  S.T.  ATT*:  Col.  Leo  V. 
Skinner,  CSAT 

111  n—nlsr.  Air  Technical  Intelligence  Center,  OSAT, 

Wright -Patterson  An,  Ohio.  ATT*:  AFCn-kSle,  Library 

112  Headquarters,  1st  MlaaUa  Dlv.,  OSAT,  fandsnhurg  ATB,  Calif 

ATT*:  Operations  Analysis  Office 

113  Asslatant  Chief  of  Staff,  Intelligence,  3).  08ATB,  APO 

633.  Mew  Tork,  K.T.  ATT*:  Directorate  of  Air  Targets 

Ilk  Coes: . lnr  'n  Chief  Pacific  Air  Torcea,  APO  933,  San 

Tranclaco,  Calif.  ATI*:  FTC  IB -MB,  Base  Recovery 

0I8BB  CCPAKDOSTT  OF  IBRMSX  ACT  IVI  TIBS 

113  Director  of  Defense  Ms  search  and  Bnglneerlng,  Washington  23, 
D.C.  ATT*:  Tech.  Library 


116  Chairman,  Armed  Service!  Saplosives  Safety  Board,  DO®, 

Building  T-7,  Gravelly  Point,  Washington  23,  D.C. 

117  Director,  Weapons  Ryatsme  lvalue t Ion  Group,  Boot  11880, 

The  Pentagon,  Washington  23,  D.C. 

118-121  Chief,  Defense  Atomic  Support  Agency,  Bhahlngtcn  23,  D.C. 
XOT:  flowrot  Library 

122  OoMend er,  Field  Command,  ZM8A,  Send  Is  Bees,  Albuquerque, 

I.  Hex. 

123  Oo—ndsr,  Field  Coamend,  USA,  Bendle  Baee,  Albuquerque, 

I.  Max.  AIT*:  TCTO 

12k -128  Cn— amder.  Field  Command,  DABA,  Sandle  Baaa,  Albuquerque, 
I.  Mex.  ATT*:  TCWT 

129  Afetnletrator,  Batlonel  Aeronautics  end  Space  Adminis¬ 

tration,  1320  ■*•  at.,  *.W.,  Washington  25,  D.C.  ATT*: 
Mr.  B.  V.  Rhode 

130  Remsader-ln-Chief,  Strategic  Air  Comamnd,  Offutt  ATB, 

Beb.  AfT*:  OAHB 

131  0.8.  DooMnts  Officer,  Office  of  the  united  States 

let  local  Military  Representative  -  SHAFB,  APO  33, 
lew  Tork,  *.T. 


atomic  oner  coaosaic*  Agrimua 


132-134  0.8.  Atomic  Bnergy  (Remission,  Technical  Library,  Washing¬ 

ton  25,  D.C.  AM*:  For  MA 

135-136  Los  Alsaoe  Scientific  Laboratory,  Report  Library,  P.0. 

Box  1663,  I01  Alamos,  B.  Mex.  ATT*:  Helen  Be  Own 
137-141  Sandle  Corporation,  Classified  Docueent  Division,  Sandle 
Base,  Albuquerque,  *.  Mex.  ATT*:  S.  J.  Smyth,  Jr. 

142  University  of  California  lawrenoe  Mediation  laboratory, 

P.O.  Box  808,  Livermore,  Calif.  AM*:  Clovis  0.  Craig 

143  Weapon  Date  Section,  Technical  Information  Service 

Bx tension.  Oak  Ridge,  TUnn. 

lkk-173  Technical  Information  Service  Extension,  Oak  Ridge, 

Term.  (Surplus) 
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